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(S) LPS-producing bacteria, LPSs, and LPS-containing medicines and veterinary medicines. 

(57) Novel LPS having the following physical properties, novel bacilli providing those LPS, and novel 
immunity stimulators, analgesics, and antiwithdrawal agents, and novel veterinary immunity 
stimulators, analgesics, and antiwithdrawal agents containing LPS selected from the group consisting 
of those LPSs and mixtures thereof. 
LPS1 

Dominant molecular weight : 

5,000 ± 1,000 as determined by SDS-PAGE method 

Phosphorus number : 

2 ± 1 / 5,000 (m.w.) 

Hexosamine number : 

9 ± 1 / 5,000 (m.w.) 

KDO number : 

2 ± 1 / 5,000 (m.w.) 

LPS2 

Dominant molecular weight : 

6,500 ± 2,500 as determined by SDS-PAGE method 

Phosphorus number : 

1 to 2 / 5,000 (m.w.) 

H xosamine number: 

7 ± 1 / 5,000 (m.w.) 

KDO number : 

1 to 2 / 5,000 (m.w.) 

LPS3 

Dominant molecular weight : 



Jouve, 18, ru Saint-D nis, 75001 PARIS 



6,500 ± 2,500 as d termined by SDS-PAGE method 

Phosphorus number : 

2 ± 1 / 5,000 (m.w.) 

Hexosamine number : 

5 ± 1 / 5,000 (m.w.) 

KDO number : 

2 ± 1 / 5,000 (m.w.) 



EP0 477 050 A2 



Field of the invention 

Th present inventi n relates to nov I LPS-producing bact ria,nov I LPSS, and LPS-containing medicines 
and v terinary medicines. 

5 More particularly, it is concern d with thre nov I glucose-fermentativ gram-n gativ small bacilli which 

produce LPSs, novel LPSs provided by those bacteria, and novel immunity-stimulating agents, analgesics, anti- 
withdrawal agents, veterinary immunity-stimulating agents, veterinary analgesics and veterinary antiwithdrawal 
agents containg those LPSs. 

10 Description of the prior art 

Organisms have their own immunity to keep their internal conditions from being disturbed by exogenous 
or endogenous matter and to maintain their homeostasis. Thus, the lowering of immunity causes deterioration 
of health, occurrence of various diseases, stimulation of aging, etc. On the other hand, its activation leads to 
15 improvement of health, prevention against occurrence of various diseases, cure of various diseases and pre- 
vention of aging or the like. 

For the above-mentioned, it has been desired to provide a substance capable of activating immunity. To 
date, PSK [another name: Krestin R (trade name of Kureha Kagaku Co. in Japan and registered in Japan], Len- 
tinan R (trade name of Ajinomoto Co. in Japan and registered in Japan), Bestatin R (trade name of Nihon Kayaku 
20 Co. in Japan and registered in Japan), Sonrfilan R (trade name of Kaken Seiyaku Co. in Japan and registered 
in Japan), OK-432 [Cancer Chemotherapy Reports Part 1, vol. 58, No.1, p.10, 1972; another name: Picibanfl R 
(trade name of Chugai Seiyaku Co. in Japan and registered in Japan], etc. are known to have such capability. 
Analgesics are classified into two groups; narcotic and non-narcotic ones. 

Narcotic analgesics are of course narcotics, and thus they are required to be administered with the greatest 

25 care, f Clinical pains', pp. 70 - 74, 1981, Medical Friend Co. in Japan) 

On the other hand, generally the analgesic action of non-narcotic analgesics is characterized to be less 
than that of narcotic ones and to be nonhabit-forming. But, actually their prolonged use is reported to cause 
tolerance and/or dependence of the patients thereto, and thus they are considered to be used in the same man- 
ner as narcotic-ones from pharmacological viewpoints. £ Clinical pains', p. 74, supra) 

30 It is generally well known that the so-called withdrawal symptom occurs when one is suddenly kept from 
taking alcohol, morphinic narcotics, nicotine, etc. to which he has become addicted. Also it is well known that 
addicts of them are hard to return to daily life, and the clinical use of narcotics is restricted because of withdrawal 
symptons. 

To date, methadone, clonidine, dizocilpine, etc. are known as medicines for suppressing such withdrawal 
35 symptoms. Methadone is, however, reported to cause dependence to itself. (P. R. Dough erety, et al., 
"Neuropharmacology", 26, pp. 1595 - 1600, 1987) Clonidine is reported to suppress withdrawal body shake by 
intraperitoneal administration of 0.16 mg/kg- (Stuart Fielding, et al. The Journal of Pharmacology and Exper- 
imental Therapeutics", vol. 207, No. 7, pp. 899 - 905, 1978) But, we, the inventors, have found that intravenous 
administration of clonidine fails to suppress jumping, a severer withdrawal symptom even at a dose of 0.1 - 10 
40 mg/kg, and further causes convulsions at a dose of 10 mg/kg. DizocOpine shows only an extremely small dif- 
ference between its toxic and effective doses, and thus is not safe. (Keith A., et al, 'Science', 251, pp. 85 - 
87, 1991) 

Of the prior art immunity stimulators, PSK, Lentinan R , Bestatin R and Sonffilan R have no TNF productivity, 
and thus their immunity stimulation is poor. 

45 Surely OK-432 is known to have TNF productivity, but a rather large quantity of it must be administered to 
produce a satisfactory quantity of TNF, thereby inevitably causing attack of fever or rigor, lowering of blood 
pressure, and reduction in the number of thrombocytes. Accordingly, OK-432 has a low therapeutic range. OK- 
432 has an additional drawback in that its production steps include culture of microorganisms, and extremely 
complicated procedures for its separation and purification to increase the production cost Further, OK-432 fails 

so to produce TNF through oral or subcutaneous administration which is very convenient for medication; therefore 
OK432 must be administered by inconvenient means. 

Here, the term TNF" is the generic name for tumor necrosis factors produced by macrophage (The Journal 
of Biol. Chem., 260, pp. 2345-2354, 1985), and the production quantity of TNF increases depending on the 
activity of macrophage. Macrophage is the generic name for large amoeba-like cells which belong to 

55 immunocomp tent cells, are present in most int rnal tissues of animals, and prey and digest particulat foreign 
matt r and wast cells in th body. Th term "th rap utic rang " is th ratio f the maximum tol rant dose of 
th host to the medic in to th minimum ffectiv d s of th medicin ; th larg r th ratio is, the better th 
medicine is. 



3 



EP0477 050 A2 



As mentioned above, the prior art analgesics have drawbacks, and no satisfactory nes have not been pro- 
vided y t Particularly, analgesics which are effectiv against chronic pain, are highly safe, hav n sid effects, 
are cheap and are very conveni nt for medication hav been greatly expected to be dev loped. Also no satis- 
factory antiwithdrawal agents have not been provided yet 
5 Thepres ntinv nti nisint ndedtoprovid n v I immunity-stimulating ag nts, analgesic ag nts, antiwith- 

drawal agents, veterinary immunity-stimulating agents, veterinary analgesic agents and veterinary antiwith- 
drawal agents which are free from the drawbacks of the prior art 

An additional object of the present invention is to provide novel LPSs, active ingredients of those agents, 
which have excellent immunity-stimulating, analgesic and antiwithdrawal effects, show a high therapeutic 
10 range, and may be provided at a low cost and in a large amount and may be administered via any route of oral 
and intradermal administration and injection. 

An additional object of the present invention is to provide novel bacteria which produce the novel LPSs. 



Brief description of the drawings 

15 

Fig. 1 is a chart showing the patterns of the LPSs of the present invention on SDS-PAGE method. 
Fig. 2 is a graph showing the analgesic effects of the LPSs of the present invention in comparison with E. 
coii LPS. 

Fig. 3 is a graph showing the dose-dependent antiwithdrawal effects of the LPSs of the present invention 
20 in intravenous administration. 

Fig. 4 is a graph showing the dose-dependent antiwithdrawal effects of the LPSs of the present invention 
in subcutaneous administration. 

Fig. 5 is a graph showing the administration time-dependent withdrawal-preventive effects of the LPSs of 
the present invention. 

25 

Detailed description of the invention 
Bacteria-providing sources 



30 The three bacteria according to the present invention were isolated from all kinds of wheat investigated by 
the inventors of the present invention regardless of their places of production. Thus, those bacteria are sup- 
posed to be isolated from any kind of wheat produced in any place and its processed goods. The kinds and 
the places of production of the wheat flour from which the three bacteria mentioned above were confirmed to 
be isolated by the inventors of the present invention include the following: 

35 Kinds of wheat flour Places of production 

Dark Northern Springs U.S.A. 
1 Canadian Wheat Canada 
Hard Red Winter Semi-hard U.S.A. 
Australian Standard Wheat Australia 

40 Horoshiri Japan 



Isolation of LPSs 



The LPSs of the present invention may be isolated from the above bacteria by the hot phenol process des- 
45 cribed on page 83 of Westphal, et al. ( "Methods in Carbohydrate Chemistry", vol. v, 1965, Academic press in 
New York, followed by purification on an anion-exchange resin. 

That is, the cells are suspended in distilled water which is then stirred with an equivolume of hot phenol. 
Next, the aqueous layer is recovered by centrtfugation and then subjected to dialysis to remove off the phenol. 
The aqueous layer is concentrated by ultrafiltration to yield crude LPS fractions which are then purified con- 
so ventionally, for example, by anion-exchange chromatography using mono Q-Sepharose and Q-Sepharose in 
FPLC system (all manufactured by Pharmacia Inc.), followed by desalting in a conventional manner. 
Products of 96% or more purity are provided by the foregoing procedures. 

Physical properties of LPSs 

55 

As xplain d in d tail in the examples giv n lat r, th three LPSs of th present inv ntion having a purity 
of 96% or more showed the following physical properties ("SDS-PAGE method will be d fined later in Example 
1): 



4 



EP0 477 050 A2 



15 



10 



5 



LPSI 

Dominant molecular weight 
Ph sphorus number 
Hexosamine numb r. 
KDO number 
LPS2 

Dominant molecular weight 
Phosphorus number 
Hexosamine number 
KDO number 
LPS3 

Dominant molecular weight 
Phosphorus number 
Hexosamine number 
KDO number 



2± 1/5,000 (m.w.) 
5±1 / 5,000 (m.w.) 
2±1 / 5,000 (m.w.) 



2 ±1/5,000 (m.w.) 
9± 1/5,000 (m.w.) 
2± 1/5,000 (m.w.) 



6,500 ± 2,500 as determined by SDS-PAGE method 



6,500 ± 2,500 as determined by SDS-PAGE method 



1 to 2/ 5,000 (m.w.) 
7± 1/5,000 (m.w.) 
1 to 2 / 5,000 (m.w.) 



5,000 ± 1,000 as determined by SDS-PAGE m thod 



Forms supplied 

The LPSs of the present invention may be supplied as such or in forms concentrated to any desired degree. 
20 Further, they may be supplied as dry powders by any of the conventional manners including lyophilization and 
spray drying to improve stability. Any of these forms may be produced conventionally. 

Determination of immunity stimulation 

25 The immunity stimulation of the LPSs according to the present invention has been confirmed by endogen- 
ous TNF productivity. 

Carswell et al. report that priming and triggering steps are necessary to produce endogenous TNF in the 
body of an animal; see Proc. Nail. Acad. ScL USA, 72, pp. 3666 - 3670, 1975. Thereafter, many candidate 
chemicals were tried to stimulate the respective steps. The chemical used to start the priming step is a primer 

30 (endogenous TNF production stimulator), while that administered to start the triggering step is a trigger 
(endogenous TNF productive agent). 

The TNF activity is determined, as follows, on the basis of the cytotoxicity to L929 cells {ProcL Nail. Acad. 
Sc/. U.S.A., 72, pp. 3666-3670, 1975). L-929 cells are cultured in Eagles' Minimum Essential Medium (hereun- 
der referred to only as MEM) with 5 % fetal calf serum (hereunder referred to only as FCS) added thereto until 

35 100 uf of the medium contains 8x10* cells, and then the cells are grown in a flat-bottomed plate having 96 
wells. 

The growth conditions are 37°C in the presence of 5 % C0 2 , and under a humidity of 100 % for 2 hours, 
and the procedures may be the same as for the conventional cell culture. Then actinomycin D is added to the 
medium to a final concentration of 1 jig/mf , and the volume of the culture solution is adjusted to 1 50 . Imme- 

40 drately thereafter 50 ul of the sample diluted appropriately with MEM medium is added to the culture solution. 
Here, ED50 may be determined by adjusting the dilution appropriately. The L-929 cells having a final volume 
of 200 ul are cultured for an additional 18 hours under the same conditions as described above. 

In order to determine the cell necrosis activity, first the whole medium is removed followed by addition of 
a 1% methyl alcoholic solution containing 0.1 % crystal violet for fixation staining. Crystal violet stains all the 

45 eukaryotic cells, but the dead cells are removed off from the bottom of the flask only by washing after the stain- 
ing; so the cell necrosis activity may be determined directly. The staining degree is measured on the basis of 
adsorption at ODggonm. and is compared with that of a control to determine the cell necrosis activity. This activity 
is defined as follows. 

The dilution of the sample which allows 50 % of the L-929 cells to survive (N) is determined. Rabbit TNS 
so is used as the control, and its activity n (units/ml) is determined using 2.4 x 10 6 units/mg/mf of TNF-a. The 
dilution which provides ED50 of rabbit TNS is determined. 

The activity of the sample (units/ml) is calculated by the equation: N/C x n. 

Determination of analgesic effects 



Th analgesic eff cts of th LPSs of th pros nt invention have be n confirmed by an xperim nt using 
animals according t th ac tic acid-writhing method described on pag 41 5 of "Inflammation and anti-inflam- 
matory therapy" issu d in 1982 by IshiyakuShuppan Co. in Japan, one of the established methods f rthed ter- 
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minati n of the effects of n n-narcotic analgesics. 

D termination f antiwithdrawal ffects 

5 The antiwithdrawal effects of th LPSs according t th present inv ntion hav be n confirmed by th 

reduction in the frequency of jumping, the severest withdrawal symptom caused by the administration of 
naloxone to morphine-addictive mice. Naloxone is available from Endo Labs. Inc. in U.SA, and is known to 
be a morphine antagonist; "The Journal of Pharmacology and Experimental Therapeutics' vol. 207, No. 7, p. 
901, supra. 

10 The LPSs according to the present invention may be used separately, and further may be used in admixture 
with each other or together with any other substance so far as the intended effects are not made less. In addition, 
they may be ingredients of immunity diagnosis reagents, veterinary immunity diagnostic reagents, quasi drugs 
defined in the Japanese Pharmacopoeia, cosmetics, food, drinks and feed. 

Any of the above preparations including immunity stimulators may be produced conventionally. For 

15 example, in the conventional manner of preparing medicines or veterinary medicines, they may be supplied 
conventionally in the form of powders, granules, pills, tablets, troches, capsules, solutions, pastes, ointments, 
liniments, lotions, suppositories, injections, etc. Paticularly, many macrophages are present in the skin, so the 
LPSs of the present invention may be prepared as skin ointments in order to obtain better effects. For veterinary 
use, also the agents may be prepared in the form of feed additives, premix preparations, drinking water addn 

20 tives. Here, the "premix preparations" are such preparations as contain feed components beforehand so that 
they are easily mixed in the feed. The feed additives are preferred to be powders or granules. Any commercially 
available feed may be used to prepare the above -mentioned feed additives, premix preparations, etc. The feed 
may contain minerals, vitamins, amino acids and any other feed additives. 

If desired, these preparations may contain excipients, preservatives, buffers, etc conventionally to improve 

25 the shelf life, homogeneity, etc. In addition, the preparations may contain correctives to improve taste, odor, 
appearance, etc. The excipients include, for example, lactose, starch, etc. The preservatives include, for 
example, parahydroxy benzoic esters such as methyl, ethyl or propyl paraoxybenzoate, sodium dehydroace- 
tate, phenols, methyl, ethyl or propylparabene, etc. The buffers include, for example, citric, acetic or phosphoric 
acid salts, etc 

30 Hereunder, the present invention will be explained in detail with reference to examples, preparations and 
experiments. The E.coli LPS used therein is one available from Drfco Co. in U.S.A. under the code numer of 
0128:B8 

Example 1 

35 

1) In a 50 ml coning tube, there was charged 1.04 g of hard flour containing 1.09% of ash (1 Canadian 
wheat from Canada) followed by addition of 20ml of distilled water thereto to prepare a 50 mg/ml aqueous 
solution of wheat flour. 

2) The solution was cultured in a water bath at 37°C while shaking, and 0.5 ml portions of the solutions 
40 were collected at 0, 1 , 2, 3, 4, 6, 8, 1 0, 1 2, 20, 24 and 45 hours thereafter. 1 00 jil portions of the respective 

solutions diluted to 1 to 100,000 times were taken in standard agar culture media available from Nissui 
Seiyaku Co. in Japan and having the following composition to determine the number of Irving cells and to 
observe the colonies. 

45 Standard agar culture media (Nissui Seryaku's code No.: 05618) 

Yeast extracts 2.5 g/l 

Peptone 5.0 g/l 

Glucose 1.0 g/l 

so Agar 15.0 g/l 

pH 71±0.1 

At the end of 8 and 10 hour culture, yellow to creamy opaque colony (colony 1), creamy opaque colony 

(colony 2) yellow translucent colony (colony 3), milk white opaque colony (colony 4), and white opaque small 

colony (colony 5), which were judged to be different from each other, were scattered on the respective standard 
55 agar culture having the same compositi n as the above, for subcuttivati n. The gram staining and limulus 

activity of th bacteria in th col niesw red t rmin d. 

H re, th "limulus activity" means to be positiv to limulus test which is a method inv nted by Levin in 1968 

for quantitativ d termination of endot xin using an rseshoe crab haemocyte extract and a chromogenic sub- 
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strate. The limulus test is known as a method for the detection of LPSs, and may be carried out using, for 
exampl , a reagent s t comm rcially available from S i-Kagaku Kogyo Co. in Japan under the trad name of 
Toxi Col r system. 

Of the abov colonies, the limulus activity of th colonies 4 and 5 (both being gram stain-positive) were 
5 xtremely low as compared with that of the col nie 1,2 and 3 (all being gram stain-negativ ), so th former 
colonies were taken aside. The morphological and biochemical characteristics of only the colonies 1, 2 and 3 
were observed using the media available from Nissui Seiyaku Co. and ID tests EB-20 to show the following 
results: 



w Bacteria forming the colony 1 (ID number 900814-1) 



(The bacteria were deposrtted with Fermentation Research Institute Agency of Industrial Science and 
Technology on August 1 7, 1 990 under the number of FERM P-1 1 664 and transferred to the international deposit 
under BUDAPEST TREATY on August 12, 1 991 under the number of FERM BP-3509.) 
15 The bacteria are supposed to belong to the genus Serratia of the family Enterobacteriaceae in view of the 
following morphological and biochemical characteristics. 

a) Morphological characteristics 

1) Small rod 

2) No Motility 
20 3) Gram stain: - 

b) Growth 

1) Standard agar medium: a yellow to creamy round opaque colony is formed. 

2) SS agar medium: A white translucent colony is formed. 
[SS agar medium: Nissui Seiyaku's code No. 05031] 



Broth 


5.0 g/l 


Bile acid salts 


9.0 g/l 


Peptone 


7.5 g/l 


Lactose 


10.0 g/l 


Sodium citrate 


8.5 g/l 


Sodium thlosulfate 


5.5 g/l 


Ferric citrate 


1.0 g/l 


Neutral red 


0.025 g/l 


Brilliant green 


0.033 g/l 


Agar 


13.5 g/l 



PH: 7.1± 0.1 

50 3) TSI agar medium: No change is found on the slant, but the higher layer changes to yellow. Gas if 

produced. 

[SS agar medium: Nissui Seiyaku's code No. 05031] 
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Broth 


5.0 g/1 


NaCl 


5.0 sr/1 


Peptone 


15.0 g/1 


Lactose 


10.0 g/1 


Sucrose 


10.0 g/1 


Glucose 


1.0 g/1 


Ferric citrate 


0.2 g/1 


Sodium thiosulfate 


0.2 g/1 


Phenol red 


0.02 g/1 


Agar 


15.0 g/1 



PH: 7.6±0.1 

c) Physiological characteristics 

25 1) Voges-Proskauer reaction: + 

2) Indole production: - 

3) Hydrogen sulfide production:- 

4) Utilization of citrate: + 

5) Urease: - 
30 6) Oxidase: - 

7) O-F test + 

d) Utilization of carbon sources 

1) Lactose: + 

2) Adonitol: - 

35 3) Rhamnose: + 

4) Mannitol: + 

5) Esculin: + 

6) Inositol: - 

7) Sorbitol: + 
40 8) Arabinose: + 

9) Raffinose: + 

10) Sucrose: + 

e) Others 

1) Lysin decarboxylase: - 
45 2) Utilization of malonate: - 

3) Arginine dihydroxylase: - 

4) Phenylalanine deaminase: - 

5) Ornithine decarboxylase: - 

so Bacteria forming the colony 2 (ID number 90081 4-2) 

(The bacteria were deposited with fermentation Research Institute Agency of Industrial Science and 
Technology on August 1 7, 1 990 under the number of FERM P- 1 1 665 and transferred to the international deposit 
under BUDAPEST TREATY on August 12, 1991 under the number of FERM BP-3510.) 
55 The bacteria are supposed to belong to the g nus Enterobacter of th family Ent robacteriaceae in view 
of th following morphological and bioch mical characteristics, 
a) Morphological characteristics 
1) Small rod 
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2) No Motility 

3) Gram stain: - 

b) Growth 

1) Standard agar m dium: a creamy opaqu col ny is f rmed. 
5 2) SS agar medium: A red opaqu col ny is f rmed. 

3) TSI agar medium: No change is found on the slant, but the higher layer changes to yellow. Gas if 
produced. 

c) Physiological characteristics 

1) Voges-Proskauer reaction: + , 
10 2) Indole production: - 

3) Hydrogen sulfide production: - 

4) Utilization of citrate: + 

5) Urease: - 

6) Oxidase: - 
is 7) O-f test + 

d) Utilization of carbon sources 

1) Lactose:, + 

2) Adonitol: - 

3) Rhammnose: + 
20 4) Mannitol: + 

5) Esculin: + 

6) Inositol: - 

7) Sorbitol: + 

8) Arabinose: + 
25 9) Raffinose: + 

10) Sucrose: + 

e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: + 
30 3) Arginine dihydroxylase: + 

4) Phenylalanine deaninase: - 

5) Omfthine decarboxylase: + 

Bacteria forming the colony 3 (ID number 900814-S) 

35 

(The bacteria were deposited with Fermentation Research Institute Agency of Industrial Science and 
Tech nology on August 1 7, 1 990 under the number of FERMP-11 666 and transferred to the international deposit 
under BUDAPEST TREATY on August 12, 1991 under the number of FERM BP-3511.) 

The bacteria are supposed to belong to the genus Pantoea of the family Enterobacteriaceae in view of the 
40 following morphological and biochemical characteristics. 

a) Morphological characteristics 

1) Small rod 

2) No Motility 

3) Gram stain: - 
45 b) Growth 

1) Standard agar medium A yellow round translucent colony is formed. 

2) SS agar medium: No colony is formed. 

3) TSI agar medium: No change is found on the slant, but the higher layer changes to yellow. Gas in 
not produced. 

so c) Physiological characteristics 

1) Voges-Proskauer reaction: + 

2) Indole production: - 

3) Hydrogen sulfide production: - 

4) Utilization of citrate: + 
55 5) Ureas : - 

6) Oxidase: - 

7) O-F test + 

d) Utilization of carbon s urces 
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1) Lactose: + 

2) Ad nitol:- 

3) Rhamnose: + 

4) Mannitol: + 
5 5) Esculin: + 

6) Inositol: - 

7) Sorbitol: + 

8) Arabinose: + 

9) Raffinose: - 
10 10) Sucrose: + 

e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: + 

3) Arginine dihydroxylase: - 

15 4) Phenylalanine deaminase: - 

5) Ornithine decarboxylase: - 

4) The colonies 1, 2 and 3 were transferred to 1 liter L-broth medium, respectively, and the media were 
shaken at 37°C over night, and then subjected to centrifugation at 5,000 G, 4°C for 20 minutes to collect 
the cells. The L-broth was prepared by dissolving 10 g of polypeptone (Drfco Co.), 5 g of yeast extracts 

20 (Drfco Co.) and special grade Nad (Wako-Jun-Yaku Co. in Japan) in distilled water, adjusting the pH of 

the solution to 7.5 with NaOH followed by autoclaving, and then adding a 400-fold dilent of a 40% solution 
of special grade glucose (Wako-Jun-Yaku Co.) to the solution. 

5) The cells of the respective colonies were suspended in 50 ml of distilled water, and 50 ml of a 90 % hot 
phenol was added to the suspension followed by stirring at 65 - 70°C for 20 minutes. After being cooled, 

25 the mixture was subject to centrifugation at 10,000 G, 4°C for 20 minutes to recover the aqueous layer. 

The phenol layer was treated additional two times in the same manner as the above. The combined three 
aqueous layers were subjected to dialysis overnight to remove the phenol. The inner solution was subjected 
to ultrafiltration using U K-20 (Advantec Toyo Co.) for concentration by cutting off molecular weight 200,000; 
N 2 pressure: 2 atms. 

30 6) The concentrated sample was subjected to an ion-exchange chromatography using Q-Sepharose Fast 
Flow (Pharmacia Co.). That is, the sample was applied to the column using a buffer solution containing 10 
mM Tris-HCI (pH 7.5) and 10 mM of NaCI, and then the limulus active fractions were eluted with 400 mM 
NaCI / 10mM Tris-HCI (pH 7.5). The eluate was subjected to ultrafBtration unde the same conditions as 
the above for desalting and concentration to produce 96% or more pure LPS. The nucleic acid was eluted 
35 with 1 M NaCI / 1 0 mM Tris-HCI (pH 7.5). 

The results of the respective cells are shown in Tables 1-3. Here, the LPS content is in terms of E. coli 
LPS. The sugar content was determined according to the phenol - sulfuric acid method (M. Dubis et al., "Analyti- 
cal Chemistry", vol. 28, p. 350, 1956), while the protein content was determined by the Lowry method (O.H. 
Lowry et al., "Journal of Biological Chemistry), vol. 193, p. 65, 1951. The nucleic acid content was determined 
40 on the basis of the measurements of OD at 260 nm (1 OD= 50 ug), and the purity (%) was calculated by the 
equation: 

Purity - Dried yield - (Protein yield + nucleic acid yield) x 1 QQ 
dried Yield 

45 Table l; 900814-1 

Total dried yield (nig) 6.8 
LPS Crag) 19.8 
Sugar (mg) 3.1 
Protein (jig) 86 
Nucleic acid (tig) < 1 6 1 

Purity (%) 96< 
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Table 2: 900814-2 



Total dried yield (rag) 


10.4 


LPS (ng) 


75.6 


Sugar (mg) 


2.5 


Protein (tig) 


64 


Nucleic acid (ug) 


< 108 


Purity (X) 


98< 


Table 3: 900814-3 




Total dried yield (mg) 


19.2 


LPS (mg) 


103.6 


Sugar (mg) 


7.6 


Protein (jig) 


73 


Nucleic acid (ng) 


<137 


Purity (X) 


99< 



30 6) Molecular weight 

The LPSs resulting from the respective cells were dissolved in distilled water, respectively to prepare sol- 
utions containing 2 mg/ml of LPSs. The 10 portions of the solutions were placed in 1.5 ml plastic tubes. To 
the respective portions there was added 10 nl of an SDS treatment solution prepared by mixing 10 uJ of 10 % 

35 (w/v) of SDS, 45 uJ of 5 % p-mercaptoethanol, 90 uJ of a CBB coloring matter solution, 1 12.5 uJ of 0.5 M Tris-HCI 
(pH 6.8) and 22.5 uJ of distilled water. The resulting mixture was mixed well and then immerssed in boiling water 
for 5 minutes, and immediately thereafter the mixture was quenched in ice water. 

10 ml of 10 % (w/v) SDS, 17.9 g of tricine and 3.03 g of Tris were dissolved in 1 liter of distilled water to 
prepare a buffer solution for electrophoresis which was then placed in Slab-gel electrophoresis tank (Marisoru 

40 Co.). 20 % pofyacryi amide gel was fixed in the tank, and the sample was placed in the sample groove. The 
voltage was kept at 50 v for 1 hour, and then at 150 v, and the electrophoresis was allowed to proceed until 
the coloring matter flowed out through the gel; these procedures are defined as SDS-PAGE method throughout 
the specification and the claims. At the end of the electrophoresis, silver staining was carried out using silver 
staining kit 161-0443 (Bio-rad Co.) at room temperature to confirm the behavior. 

45 The molecular weight of the LPSs of the present invention was calculated to be 5,000± 1 ,000 (LPS1 result- 
ing from bacteria 900814-1), and 6,500± 2,500 (LPS2 and LPS3 resulting from bacteria 900814-2 and 900814- 
3, respectively) in view of the behaviors of the markers for protein m. w. [Pharmacia's LMW kit E: phosphorirase 
b (94k), albumin (67k), ovalbumin (43k), carbonic anhydrase (30k), trypsin inhibitor (20k), a-lactalbumin (14k)], 
and those of the markers for peptide m. w. [Pharmacia's 1860-101 m. w. marker, myoglobin (16.9k), myoglobin 

so I & II (14.4k), myoglobin I (8.2k), myoglobin II (6.0k) and myoglobin IV (2.5k). In the same manner as the above, 
E. coli LPS (0127:B8LPS available from Difco Co.) was found to have dominant m. w. at 40,000 ± 10,000 and 
8,000± 4,000. 

The stained bands of LPS1 , LPS2 and LP S3 in the silver staining are shown in Fig. 1 . In Fig. 1 , the number 
1, 2 and 3 show the stained bands of LPS1, LPS2 and LPS3, respectively. As shown in Fig. 1, LPS1 showed 
55 an th r stained band around m.w. 30,000. LPS2 showed another stain d band bridging from 30,000 to 43,000, 
but it may b said that it contains nly little high mol cular weight substance in vi wofth staining str ngthof 
the bands at 14,000 or less. Also in view of th sugar cont nt and h x samine content mentioned later, LPS2 
the lowest sugar content, and LPS1 has higher sugar c ntentthan LPS3.Thisord r is believed t be in harmony 
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with the patterns observed in the electrophoresis. Further, th ratio of LPS cont nt to total dried yield decreases 
in th order of LPS2, LPS3 and LPS1 . Considering the foregoing, it may be estimated that LPS2 comprises 
relativ ly low molecular weight LPSs, and the content of low molecular w ight LPSs decrease in th rd r of 
LPS3 and LPS1. 

6) Phosphorus content 



10 



15 



20 



25 



30 



The captioned content was determined as follows according to the Chen-Toribara method (Chen et a!., 
■Analytical Chemistry", vol. 28, pp. 1756 - 1758, 1956) 

LPS1, LPS2 and LPS3 were dissolved in distilled water separately to prepare 20 of solutions containing 
31.6, 57.6, or 103.6 jig of LPS which were then placed in a small test tube. To the mixture there was added 20 
ul of 50 v/v sulfuric acid followed by heating at 1 60°C for 2 hours. Then 20 uf of 50 v/v % perchloric acid was 
added to the mixture which was then heated on a gas burner for 1 minute to ash. Thereafter, 0.5 ml of distilled 
water and then 0.5 ml of a reaction reagent (a portion of the preparation made by mixing 1ml of 6N sulfuric 
acid, 2ml of distilled water, 2 ml of 2.5 v/w % ammonium molybdate and 1ml of 10 v/w % of ascorbic acid) 
were added to the heated mixture which was then allowed to stand for 30 minutes at room temperature. There- 
after the absorption at 820nm (OD 82 onni) was determined. Here, as the standard sample for the preparation of 
the calibration curve, potassium didrogen phosphate (manufactured by Wako Jun-yaku Co. in Japan) was 
diluted with water to prepare 0.5 ml of solutions containing 2.5iig, lug, 0.25ug or 4 ng of phosphorus. In this 
connection, 1 g of phosphorus corresponds to 4.39 g of potassium didrogen phosphate. The effects observed 
are shown in Table 4 given below. In the table, the data of absorption are modified by subtracting the values 
of the control not subjected to the heating from the observed values in order to avoid occurrence of errors due 
to mixing-in of inorganic phosphorus from, for example, phosphate buffer solution. The P content (ng) is cal- 
culated on the basis of the data of absorption. The P content (w/w %) was calculated according to the folloing 
equation. In the equation, "0.67" is the OD value of 1 ng of the standard phosphorus, and the sample concen- 
tration is the proportion of the respective LPSs dissolved in distflled water (mg/ml). 

P content (w/w %)= Absorption of sample 

0.67 x (sample concentration) x 0.5 
P number is the number of phosphorus per m. w. 5,000 calculated according to the following equation: 

P number = P content^ %) x 5gQ0 
100 31 



Table 4 



35 





LPS 


Absorption 


P content (tig) 


P content (w/w %) 


P number 


40 














1 


0.36 


0.54 


1.7 


2± 1 




2 


0.31 


0.46 


0.8 


1~ 2 


45 


3 


0.87 


1.30 


1.3 


2± 1 



so 8) Hexosamine content 

The captioned content was determined as follows according to the Elson-Morgan method (Library of 
biochemical experiments. No. 4, pp. 377 - 379, Tokyo Kagaku Dojin Shuppan Co. in Japan). 

LPS was dissolved in distilled water to prepare a solution containing 1.58 mg/ml of LPS1, 2.88 mg/ml of 
55 LPS2 or 5.18 mg/ml of LPS3, and th respectiv 100 \x( porti ns were placed in a test tub with a screwcap 
(manufactured by Iwaki Glass Co. in Japan) followed by addrti n of 1 00 uf f 8N HCf th reto, and th mixture 
was heated at 1 10°C for 16 hours, and then about 200ul of 4N NaOH was added to th mixture to bring the 
pH to 7. A 100i*f portion of the mixture was separated off and placed in another test tube with a screwcap foi- 
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lowed by addition of 200 jxl f Reagent A explained below thereto. The mixture was then heated at 1 05°C for 
1.5 h urs, and then cooled with a running water. Next, a 1 00 \ii portion of th mixture was separat doff foil wed 
by additi n of 670 ul of a 96 % ethanol and th n 67 uf of Reag nt B xplained below, and was then ail wed 
to stand at room temperature for 1 h ur followed by determination of adsorption at 535nm. As th standard 
5 sample to prepare th calibrati n curve, 0.20 - 200 ug/ml of N-acetyi glucosamin (Wako Jun-yaku Co. in 
Japan) was used. 

Reagent A prepared by mixing 75ul of acetyl acetone and 2.5 mf of 1.25 N sodium carbonate 

Reagent B: prepared by mixing 1.6g of p-dimethyl benzaldehyde, 30 ml of cone, hydrochloric acid and 30 ml 

of 96% ethanol 

10 As a result, the number of hexosaDine in LPS1 , LPS2 or LPS3 was 9±1,7±1or5±1perm.w. 5.000. 
9) KDO content 

The KDO (2-keto-3-deoxyoctonate) content was determined as follows on the basis of the diphenylamine 
15 method (Shaby R. et al, "inalytical Biochem.*, 58(1), pp. 123-129, 1974). 

A KDO detection reagent was prepared by combining 500 mg of dipenylamine, 5 ml of ethanol, 45 ml of 
glacial acetic acid and 50 ml of cone, hydrochloric acid (all commercially available from Wako-junyaku Co. in 
Japan). A 500 u.1 portion of the prepared reagent was combined with 250 |il of distilled water containing any 
of 0.505 mg/ml of LPS1, 0.576 mg/ml of LPS2 and 0.518 mg/ml of LPS3. The resulting mixture was heated 
20 in a boiling water bath at 100°C for 33 minutes and then cooled in cooling water at 24.5°C for 30 minutes. The 
UV absorption of the mixture was determined at 420, 470, 630 and 650 nm to provide data A420. A470, and 
Aeso, respectively. As the standard sample, there was used 250 ul of distilled water containing 0.5 u. mole/ml 
of ammonium salt of KDO (Sigma Co. in U.S.A.). The value S for the test and standard samples was calculated 
according to the following equation: 
25 S = A420-A470 + Aeao- Aeso 

The value of the test sample (St) was 0.109 for LPS1, 0.078 for LPS2 and 0.099 for LPS 3, whereas that 
of the standard sample (SJ was 0.246. The value of distilled water was 0.005. The comparison of these values 
suggests that LPS1, LPS2 and LPS3 contain 2 ± 1, 1-2 and 2 ± 1 of KOD per m. w. 5,000. 

As an example, in the case of LPS1 , the KOD content of the solution x (u. mole/ml) may be determined by 
30 the equation: 

0.5 _ x 
0.246 0.109 

According to the above equation, x is determined to be 0.221. Thus the molar number of KOD contained in 1 
mole of LPS1 is determined to be 2.19 according to the following equation on the assumption that 1 mole of 
35 LPSi is m. w. 5,000. 

* =xX1(HX o^f^ = 2 - 19 

Illustrative embodiments of preparations containing LPS according to the present invention wfll be given 
in the following examples wherein the LPS content is in terms of E. coli LPS calculated according to the limulus 
40 test 

Example 2 (tablets) 

45 Wheat LPS 0.04 g 

6% HPC lactose 178 g 

Talc stearate 8 g 

Potato starch 14 g 

The above ingredients were mixed and formed into 400 tablets each weighing 0.5 g and containing 0.1 mg 
of wheat LPS. 

55 



50 
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Example 3 (solution for internal use) 

LPS1 1 rog 

5 Purified water 100 ma 

Example 4 (ointment) 

LPS1 0.1 g 

Purified lanolin 80 g 

f5 Yellow petrolatum ad 1,000 g 

Example 5(injection) 

20 LPS1 0.5 mg 

Distilled water for injection ad 1.000 mft 

Preparation 1 (preparation of B. pertussis LPS) 

25 

An experimental B. pertussis solution obtained from Serum Laboratory, a public institute of Chiba prefec- 
ture in Japan (2.0 x 1 0 10 cells / ml) was used. 

The solution was suspended in sterile water to prepare a suspension containing 25 mg (dry basis) / mf of 
dead cells. To the suspension, there was added an equivalent of a 90% hot phenol solution (68 - 70°C ) was 

30 added, and the mixture was shaked at 68°C for 1 hr. The mixture was subjected to centrifugation at 8,000 G, 
4°C for 20 min. to collect the aqueous layer. Sterile water in the same quantity as of the aqueous layer was 
added to the remaining phenol, and the mixture was shaked in the same manner as the above. The resulting 
aqueous layer was combined with the first aqueous layer followed by dialysis in running water overnight, and 
then the mixture was concentrated to a tenth using a rotary evaporator. The concentrate was subjected to cen- 

35 trifugation at 8,000 G, 4°C for 20 min. The supernatant was separated off, and a small amount of sodium acetate 
was added thereto. Cold ethanol at 0 - 4°C was added to the mixture in an amount of six times as much as the 
latter, and the resulting mixture was allowed to stand at -20°C overnight Then the mixture was subjected to 
centrifugation at 4,000 G, 4°C for 30 min. to collect the sediment which was subjected to centrifugal washing 
with ethanol (twice) and acetone (once) followed by drying with an aspirator. The residue was suspended in 

40 distilled water to prepare a 20 mg/ml of solution which was then subjected to ultrasonic treatment with a Sonrfia 
185 (Branson Co. in U.S.A.) (outlet control 5, 15 min., room temperature). The solution was subjected to cen- 
trifugation at 2,500 G, 4°C for 10 min. to separate off the supernatant 

The supernatant was treated at 4°C with nucleases, DNase I and Rnase A (both manufactured by Sigma 
Co. in U.S. A) for 1 5 - 1 6 hrs; totally 1 0 ug/ml of DNase I and 20 ug/m£ of Rnase A were used. The same amount 

45 of the nucleases as the above were added to the mixture followed by warming at 37°C for 2 hrs and centrifu- 
gation at 2,500 G, 4°C for 10 min. to separate off the supernatant 

The supernatant was filtered through a pore size of 0.2 urn using Acrodisc manufactured by Gelman Co. 
in U.S.A. The filtrate was subjected to molecular sieve (resin: Sepharose 6B manufactured by Pharmacia Co. 
in U.S.A: column size: 5 cm (i.d.) x 100 cm (length); buffer. 10 mM of Tris-HCf / 10 mM of NaCf (pH 7.5); flow 

so rate: about 3 ml/cnrtfhr.). The fractions confirmed to be positive to limulus test with LS-1 kit commercially avail- 
able from Sei-Kagaku Kogyo Co. in Japan were collected and filtered through a pore size of 0.2 um using Acrod- 
isc mentioned above. The filtrate was subjected to ion exchange (apparatus: FPLC manufactured by Pharmacia 
in U.S.A.: resin: mono Q HR 10/10 manufactured by Pharmacia in U.S.A.; buffer 10 mM of Tris-HC£ / 10 mM 
of NaCl (pH 7.5); flow rate: 2 mf/min.) wherein the filtrate was washed with the buffer for 15 min., then, after 

55 the NaCl content of th buff r was increas d to 165 mM, for 30 min., th n, for 20 min. while increasing the 
NaCfcont nttoprovid a NaCfcont ntgradi ntfrom 165mMto 1 M, andth n, for 30 min. at th NaC£ content 
of 1 M. The fractions confirmed to be positiv to limulus test with LS-1 kit commercially avaQabl from Sei-Ka- 
gaku Kogy Co. in Japan were collected. 
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The collected fractions wer combined and desalted on a column (resin: Sephad xG-25 fine manufactured 
by Pharmacia in U.S.A.; column siz : 2 cm (i. d.) x 25 cm (I ngth); eluting agent distill d water), and then 
ly philized. 

Nucl ic acid is of the greatest possibility of being mixed in th lyophilized sample (4.50 mg). Therefor , 
5 th UV absorption curve (200 - 400 nm) was pr pared, and th absorbance at 60 nm was d t rmined.. Th 
nucleic acid content was calculated to be 1% or less on the basis of the above absorbance in view of the fact 
that the nucleic acid content was 50 jig/ml in the case where the absorbance was 1. In addition, no apparent 
evidence showing the presence of a protein was observed in SDS electrophoresis. Thus, considering the detec- 
tion sensibility, the highest content of proteins which may be mixed in the above lyophilized sample was esti- 
10 mated to be 0-3%. Accordingly, the purity of the above lyophilized sample was estimated to be 96 % or more. 
The physical properties of the thus prepared B. pertussis LPS (sometimes referred to only as B. P. LPS) 
were determined in the same manner as described in Example 1 . The results were as follows: 



Physical properties of B. pertussis LPS 



15 



20 



Molecular weight 
Phosphorus content 
Hexosamine content 
Fatty acid content 
KDO content 



6,000 ± 1 ,000 (by SDS-PAGE method) 
4 per molecular weight of 6,000 
12 per molecular weight of 6,000 
4 per molecular weight of 6,000 
2 ± 1 per molecular weight of 6,000 
The physical properties of E. coli LPS (0128: B8 manufactured by Difco Co. in U.SA) determined in the 
same manner as described in Reference Example 1 were as follows: 



Physical properties of E. coli LPS 



25 



30 



Molecular weight 

Phosphorus content 
Hexosamine content 
Fatty acid content 
KDO content 



40,000 ±10,000 

8,000 ± 4,000 (by SDS-PAGE method) 
12 per molecular weight of 30,000 
45 ± 6 per molecular weight of 30,000 
18 per molecular weight of 30,000 
5 ± 1 per molecular weight of 30,000 



Experiment 1 (immunity stimulating effects) 

35 1 ) Zero point two ml of physiological saline containing 1 , 1 0 or 1 00 ug (in terms of limulus activity) of LPS1 , 
LPS2 or LPS3 was injected into 7 week old C3H/He male mice via caudal vein; each group consisted of two 
or three mice having an average weight of 25g. One hour later the serun was collected to determine the TNF 
activity on the basis of the toxicity to L929 cells. The results calculated as an average of two or three per group 
are shown in Table 5 given below. In the table, parenthesized are the number of the mice used. 



45 
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Table 5 





TNF activity (unlts/ml) 


Dose 


1 IIS 


10 »9 


100 fig 


LPS I 


6.15 (3) 


25.80 (2) 


30.69 (2) 


LPS2 


1.90 (3) 


7.47 (2) 


6.57 (2) 


LPS 3 


7.44 (3) 


16.19 (2) 


34.47 (2) 



20 

Experiments (analgesic effects) 

To frve-membered groups of 7 to 1 0 week old C3H/He male mice having an average body weight of 28 g, 
there was orally administrated 200 }il of distilled water containing 0, 1, 5, 25 or 400 ug / mouse of LPS3 or E. 
25 coli LPS using a probe. One and a half hours later, 500 uJ of 0.7 % acetic acid was given to the mice intraperi- 
toneally over a period of 5 minutes. The frequency of writhing of the respective mice was counted, and the 
results as shown in Table 6 were recorded (an average of 5 mice in the respective groups). In the table, 
reflects that the determination was not made at said dose. The writhing inhibition (%) was calculated by the 
following equation. 

30 {1-[(frequency of writhing at the doseHthat at 400 ^/[(frequency of writhing at 0 iigHthat at 400 jig)]} x 

100 
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Table 6 



5 


LPS dose 


LPS3 of the present 


E. coll LPS 




( us/ 


1 nvent 1 on 










mouse) 










10 


Writhing 




Wri thl na 








frequency 


inhibition 


frequency 


inhibition 


15 






(1) 




(X) 




0 


18 


0 


20 


0 


20 


1 


17 


10 


18 


82 




5 


10 


80 








25 


7 


no 


13 


64 


25 














400 


8 


100 


9 


100 



30 Fig. 2 is a graph reflecting the results shown in Table 6. Fig. 2 shows that the writhing inhibition ED50 of 
LPS3 is 2.8 tig / mouse, whereas that of E. coli LPS is 17 ug I mouse. Thus it is supposed that the analgesic 
effect of LP S3 is about six times as of E. coli LPS. 

Experiment 3 (Antiwithdrawal effect - 1) 

35 

Molecular sieves were impregnated with morphine HCI available from Takeda Chemical Industries Ltd. in 
Japan to prepare 12.7 mg of morphine pellet which was then implanted in the back, a little below the neck, of 
4 to 5 week old ddY mice (body weight 20-24 g). Two days later, there was given 50 ug / kg of E. coli LPS 
(6 mice), LPS3 (7 mice) or B.P. LPS prepared in Preparation 1 (6 mice) as a solution in physiological saline. 

40 The control group received only physiological saline. One hour later, 1 0 mg / kg of naloxone was given intraperi- 
toneally, and immediately thereafter the jumping frequency of the mice was counted over a period of 40 minutes 
to determine the lumping control effects. The results are shown in Table 7. In the table, the figures show the 
number of the mice concerned. The lumping control effects were evaluated as follows: 

The average lumping frequency of the control group (12 mice) per mouse was 62.7 ± 25.5. So, in view of 

45 the difference 37 (= 62.5 - 25.5), the case where the jumping frequency was 37 or more was estimated to have 
"no effect", whereas the case where the frequency was less than 37 was estimated to be "effective". 
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Table 7 



5 




Jumping Inhibition effect 


10 




Effective 


No effect 




Physiological saline 


1 


U 


15 


LP53 


7 


0 




E. coll LPS 


3 


3 


20 


B.P. LPS 


4 


2 



As is apparent in Table 7, the antiwithdrawal I nhibition ratio was only about 8 % in the control grop, whereas 
the value was 50 %, about 67 % or 100 % in the group to which E. coli LPS, B.P. LPS or LPS3 was given. 

25 

Experiment 4 (Antiwithdrawal effect - 2) 

In order to determine whether the antiwithdrawal effects of the LPSs of the present invention in intravenous 
administration are dose-dependent, 12.7 mg of morphine pellet prepared as in Experiment 3 was implanted in 

30 the back, a little below the neck, of 4 to 5 week old ddY mice (average body weight 20 g). Two days later, 
there was given 0.5 (to 6 mice), 5 (to 6 mice), 15 (to 9 mice), 50 (to 12 mice) or 500 ug / kg (to 6 mice) of LP S3 
was given to the mice intravenously as a solution in physiological saline. The control group (10 mice) received 
only physiological saline. One hour later, 10 mg / kg of naloxone was given intra pentoneally, and immediately 
thereafter the jumping frequency of the mice was counted over a period of 40 minutes. The results are shown 

35 in Table 8 as an average per mouse in the respective groups. 

Table 8 



40 


Dose of LPS3 














45 


(pg/kg) 


0 


0.5 


5 


15 


50 


500 


















Jumping frequency 


69.5 


36.8 


42.0 


16.1 


20.5 


11.5 



50 

Fig. 3 is a graph corresponding to the results given in Table 8. 



Experiment 5 (Antiwithdrawal effect - 3) 

55 Inord rto determine whether the antiwithdrawal ff ctsofth LPSs of the present inv ntton in intradermal 

administration are d se-d p nd nt,th procedures of Exp rim nt 4 were followed except that th dose of LP S3 
was 50 (to 7 mice) or 500 \ig I kg (t 5 mice), and the cotrol group consisted of 8 mice. The results ar shown 
in Table 9 as an av rag permous in th respective groups. 
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Table 9 



Dose 


Physiological saline 


50 U9 / kg 


500 jig / kg 


Frequency 


84.7 


44 


19.8 



Fig. 4 is a graph corresponding to the results given in Table 9. 

Figs. 3 and 4 clearly show that the anti-withdrawal effects of the LPSs of the present invention are dose- 
15 dependent 

Experiment 6 (Antiwithdrawal effect - 4) 

In order to determine whether the antiwithdrawal effects of the LPSs of the present invention are dose time- 
20 dependent, 12.7 mg of morphine pellet prepared as in experiment 3 was implanted in the back, a little below 
the neck, of 4 to 5 week old ddY mice (body weight 20 - 24 g). Two days later, there was given 10 mg / kg of 
naloxone intraperitoneally. 50 (ig /kg of LPS3 was administered to the mice 1 hour (7 mice), 3 hours (8 mice), 
8 hours (6 mice) or 1 8 hours (5 mice) before the administration of naloxone. Immediately after the administration 
of naloxone, the jumping frequency of the mice was counted over a period of 40 minutes. The control group 
25 receiving no LPS3 consisted of 9 mine. The results are shown in Table 10 as an average per mouse in the 
respective groups. 

Table 10 



30 





Administration 
time of LPS3 


No dose 


Hrs. prior to naloxone administration 


35 












40 


Jumping 
frequency 


65.1 


2-7 


25.1 


33.7 


54.6 



45 

Fig. 5 is a graph corresponding to the results given in Table 10. Fig. 5 teaches that the LPSs of the present 
invention have withdrawal-preventive effects, and the maximal preventive effects will be shown when the LPSs 
are administered immediately before the occurrence of withdrawal symptoms 

50 Dose, interval and toxicity 

In view of the nature of immunity stimulators, analgesics and withdrawal agents, and veterinay immunity 
stimulators, analgesics and withdrawal agents, the dose and the interval of the LPSs of the present invention 
are of course determined by the doctor or veterinarian in charge individually in view of the age, conditions, etc 
55 of the patient and effects of administration. However, it may be said that 1 u.g - 100 mg (oral administration), 
1 0 ng - 1 0 mg (intrav n us administrati n) and 1 00 ng - 1 mg (percutanous admin is trati n) are standard singl 
dose per day to adults (body weight 60 kg). F r veterinary us , about n sixti th of the abov quantities may 
be giv n per 1 kg f body weight of large-sized animals such as catU , h rses or th lik . Ab ut twice as much 
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as the dose to targe-sized animals may be given per 1 kg of body weight of medium- or small-siz d animals 
such as pigs, dogs, cats or the like. Fowls or th lik may receiv twice as much as the dos to medium- r 
small-sized animals. Th LD50 of LPS1, LPS2 and LPS3 in 7 week old C3H/He male mice having an average 
body weight of 22 g were 150, 180 and 180 ug /mouse according to th Behrens Karber. these valu s are less 
5 than 60 % of 300 pg / mouse found for E. coli LPS. Further, E. coii LPS and B. P. LPS had the following LDgo 
(an average of the data on two male BALB/C mice weighing 45 kg on average). 



LPS 


LDso / kg (rag) 


i.v. 


i.e. 


E. coli LPS 


3 . 4 


1 6 


B. P. LPS 


1 1 


3 2 



20 Claims 

1. LPS-producing gram-negative small bacilli having the following properties: 

a) Morphological characteristics 
1) Small rod 

25 2) No Motility 

3) Gram stain: - 

b) Growth 

1) Standard agar medium: a yellow to creamy round opaque colony is formed. 

2) SS agar medium: A white translucent colony is formed. 

30 3) TSI agar medium: No change is found on the slant, but the higher layer changes to yellow. Gas 

if produced. 

c) Physiological characteristics 

1) Voges-Proskauer reaction: + 

2) Indole production: - 

35 3) Hydrogen sulfide production: - 

4) Utilization of citrate: + 

5) Urease: - 

6) Oxidase: - 

7) O-F test + 

40 d) Utilization of carbon sources 

1) Lactose: + 

2) Adonitol: - 

3) Rhamnose: + 

4) Mannitol: + 
45 5) Esculin: + 

6) Inositol: - 

7) Sorbitol: + 

8) Arabinose: + 

9) Raffinose: + 
so 10) Sucrose:* 

e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: - 

3) Arginine dihydroxylase: - 

55 4) Phenylalanin deaminase: - 

5) Ornithin decarboxylas : - 

2. LPS-producing gram-negative small bacilli having th f llowing properties: 
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a) Morphological characteristics 

1) Small rod 

2) No M tOity 

3) Gram stain: - 

b) Growth 

1) Standard agar medium: a creamy opaque colony is formed. 

2) SS agar medium: A red opaque colony is formed. 

3) TSI agar medium: No change is found on the slant, but 

c) Physiological characteristics 

1 ) Voges-Proskauer reaction: + 

2) Indole production: - 

3) Hydrogen sulfide production: - 

4) Utilization of citrate: + 

5) Urease: - 

6) Oxidase: - 

7) O-F test + 

d) Utilization of carbon sources 

1) Lactose: + 

2) Adonitol: - 

3) Rhamnose: + 

4) Mannitol: + 

5) Esculin: + 

6) Inositol: - 

7) Sorbitol: + 

8) Arabinose: + 

9) Raffinose: + 

10) Sucrose: + 

e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: + 

3) Arginine dihydroxylase: + 

4) Phenylalanine deaminase: - 

5) Ornithine decarboxylase: + 

LPS-producing gram-negative small bacilli having the following properties: 

a) Morphological characteristics 

1) Small rod 

2) No Motility 

3) Gram stain: - 

b) Growth 

1) Standard agar medium: A yellow round translucent colony is formed. 

2) SS agar medium: No colony is formed. 

3) TSI agar medium: No change is found on the slant, but the higher layer changes to yellow. Gas 
in not produced. 

c) Physiological characteristics 

1) Voges-Proskauer reaction: + 

2) Indole production: - 

3) Hydrogen sulfide production: - 

4) Utilization of citrate: + 

5) Urease: - 

6) Oxidase: - 

7) O-F test + 

d) Utilization of carbon sources 

1) Lactose: + 

2) Ad nitol: - 

3) Rhamn se: + 

4) Mannitol: + 

5) Esculin: + 
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6) Inositol: - 

7) Sorbitol: + 

8) Arabinose: + 

9) Raffinose: - 

10) Sucrose: + 
e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: + 

3) Arginine dihydroxylase: - 

4) PhenyLalanine deaminase: - 

5) Ornithine decarboxylase: - 

4. LPS provided by the bacilli of Claim 1 and exhibiting the dominant molecular weight of 5,000 ± 1 ,000 as 
determined by SDS-PAGE method, having 2 ± 1 phophorus, 9 ± 1 hexosamines and 2 ± 1 KDO per molecu- 
lar weight of 5,000. 

5. LPS provided by the bacilli of Claim 2 and exhibiting the dominant molecular weight of 6,500 ± 2,500 as 
determined by SDS-PAGE method, having 1-2 phophorus, 7 ± 1 hexosamines and 1-2 KDO per molecu- 
lar weight of 5,000. 

6. LPS provided by the bacilli of Claim 3 and exhibiting the dominant molecular weight of 6,500 ± 2,500 as 
determined by SDS-PAGE method, having 2 ± 1 phophorus, 5 ± 1 hexosamines and 2± 1 KDO per molecu- 
lar weight of 5,000. 

7. An immunity stimulator containing LPS selected from the group consisting of the LPSs of Claims 4-6 and 
mixtures thereof. 

8. An analgesic containing LPS selected from the group consisting of the LPSs of Claims 4-6 and mixtures 
thereof. 

9. An antiwithdrawal agent containing LPS selected from the group consisting of the LPSs of Claims 4-6 
and mixtures thereof. 

10. A veterinay immunity stimulator containing LPS selected from the group consisting of the LPSs of Claims 
4-6 and mixtures thereof. 

11. A veterinay analgesic containing LPS selected from the group consisting of the LPSs of Claims 4 - 6 and 
mixtures thereof. 

1 2. A veterinary antiwithdrawal agent containing LPS selected from the group consisting of the LPSs of Claims 
4-6 and mixtures thereof. 
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FIG. 2 
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produced by the macrophage and plotting the 
limulus test-positive LPS content of the LPS 
along the axis of abscissa on a logarithmic 
scale, in admixture with a pharmaceutically or 
veterinarily acceptable carrier, such that when 
administered to an animal, high cholesterol 
level of said animal is prevented or cured ; and 

a method of treating pain of an animal 
comprising administration to said animal an 
amount of the above composition effective to 
prevent or cure the pain of said animal. 
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D script! n 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a feedstuff additive for crustaceans or fishes, and a feed containing the feed- 
stuff additive, and more particularly to a feedstuff additive which shows significant effects of activating immunity and 
preventing infection and to a feed containing the same in a suitable proportion. 

BACKGROUND ART 

10 

[0002] Recent years have seen development of aquicutture of crustaceans and fishes. Attendant on the develop- 
ment is a great economical damage in the culture industry due to outbreaks of bacterial or viral diseases of crustaceans 
and fishes. Diseases of crustaceans and fishes often occurring include acute viremia of kuruma prawns (Penaeus 
japonicus), vibriosis thereof, pseudotuberculosis of yellowtails, enterococcus diseases thereof, cold-water disease of 

is sweet fishes (ayu), Pseudomonas diseases thereof, iridovirus diseases of red sea breams, Seriola dumerili, yellowtails 
or the like which have economically damaged the culture industry. Of these diseases, bacterial diseases have been 
treated with antibiotics or synthetic antibacterial agents as a curative agent However, with the advent of antibiotic- 
resistant bacteria, satisfactory curative effects have not been achieved. Further, a problem of public health hazards has 
been raised because of the medicinal agent remaining in crustaceans and fishes. Consequently, there is a strong 

20 demand for preventive measures not depending on chemotherapy On the other hand, vaccines and curative agents 
have not been developed against viral diseases of crustaceans and fishes and viral diseases still often occur. 
[0003] The use of polysaccharides is already known to immunopotentiate crustaceans and fishes and to prevent 
infectious diseases thereof. These polysaccharides include, for example, peptidoglycan derived from Bifidobacterium 
thermophilum (Patent No.2547371), cell wall-forming component of gram-positive bacteria like bacteria of genus Bacil- 

25 I us (JP-B-3-1 73826) and 0-1,3-glucan derived from Schizophyllum commune (JP-B-6-65649). It was already reported 
that high molecular weight lipopolysaccharides activate the immune function of fishes and animals (Salati, F. and R. 
Kusuda, Society Journal, Japanese Society of Science of Fisheries, vol.53, pp.201 to 204, 1 987 and Odean, M.J. et al., 
Infection and Immunity, vol.58, pp.427 to 432, 1990). 

[0004] On the other hand, the low molecular weight lipopotysaccharide of the present invention (hereinafter referred 
30 to as "low molecular weight LPS") is different in basic structure and components from the peptidoglycan derived from 
gram-positive bacteria, cell wall-forming component and p -1,3-glucan derived from a mushroom. The low molecular 
weight LPS of the invention comprises three components, i.e. a specific lipid A, an oligosaccharide with covalent bond 
therewith called R core and O specific polysaccharide. The low molecular weight LPS of the invention is known as an 
immunopotentiator for animals because of its ability to increase the tumor necrosis factor (TNF)-producing effect, but is 
as not known at all to have an activity of preventing infectious diseases of crustaceans and fishes. The high molecular 
weight lipopolysaccharides (LPSs) used in the researches heretofore reported are those with a markedly high molecu- 
lar weight as high as 1 million to 10 millions and are of high toxicity. Consequently, when applied to crustaceans and 
fishes for a long period, such high molecular weight LPS is unable to activate the immune function all the time. The 
above-mentioned known substances have a high molecular weight and need to be orally administered in a large quan- 
40 tity because of their poor absorption through the intestinal tract. Consequently, a long-period intake of them frequently 
results in impairment of immune function. 

[0005] As described above, a variety of infectious diseases often occur in crustaceans and fishes. Some of these 
diseases are lethal and may result in great economic damage. The background to be noted is that the immune function 
of crustaceans and fishes is deteriorated because they are bred in an overcrowded area under a limited environment. 

45 Various substances were used to reactivate their impaired immune system. On the other hand, crustaceans have no 
ability to produce an antibody nor lymphocyte, neutrophile or basophile as found in a vertebrate. Rshes have a limited 
ability to produce an antibody and its production of antibody is greatly affected by the temperature of water because 
they are cold-blooded animals so that such immune system is not sufficiently functioned. In other words, substantial dif- 
ference exists in defensive mechanism between these oceanic organisms and mammals (Rsh Pathology, 30(2), 141- 

50 150, June in 1995). Consequently some of the substances are not usable in-situ in breeding oceanic organisms 
because of high toxicity like conventional LPSs, and most of them are impaired in the immune system by intake of the 
LPSs for a prolonged period. 

[0006] An object of the present invention is to provide a safe feedstuff additive for culture or breeding of crustaceans 
and fishes, the feedstuff additive being capable of preventing infectious diseases even in a small amount by properly 
55 activating their intrinsic immune function, and being free from problems of public health hazards such as the feedstuff 
additive remaining in crustaceans and fishes. 
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DISCLOSURE OF THE INVENTION 



[0007] The present invention provides a feedstuff additive for crustaceans and fishes, characterized in that it is pre- 
pared from gram-negative bacteria, that it has a molecular weight of 5000 ± 2000 as measured by SDS-PAGE method 
5 using a protein marker, that it is substantially free of high molecular weight lipopolysaccharide, and that it contains a low 
molecular weight lipopolysaccharide as an ffective component and that it is capabl of activating immunity or prevent- 
ing infection in crustaceans or fishes; and a feed for crustaceans or fishes which feed is characterized in that it contains 
the feedstuff additive. 

[0008] The present invention also provides a feedstuff additive for crustaceans or fishes comprising the low molec- 
w ular weight lipopolysaccharide and a carrier acceptable for crustaceans and fishes. 

[0009] The present invention also provides use of the low molecular weight lipopolysaccharide for the preparation 
of a feedstuff additive for crustaceans or fishes. 

[0010] The present invention also provides a method of activating immunity or preventing infection in crustaceans 
and fishes comprising administering an effective amount of the low molecular weight lipopolysaccharide to crustaceans 
is or fishes. 

[0011] The present invention also provides an agent for preventing the perish of crustaceans or fishes comprising 
the low molecular weight lipopolysaccharide as an effective component. 

[0012] The present invention also provides an agent for preventing the perish of crustaceans or fishes comprising 
the low molecular weight lipopolysaccharide and a carrier acceptable for crustaceans and fishes. 
20 [0013] The present invention also provides use of the low molecular weight lipopolysaccharide of for the prepara- 
tion of an agent for preventing the perish of crustaceans or fishes. 

[0014] The present invention also provides a method of preventing the perish of crustaceans or fishes comprising 
administering an effective amount of the low molecular weight lipopolysacchride to crustaceans or fishes. 
[0015] The present invention also provides a feedstuff additive, wherein the gram-negative bacteria are those per- 
25 taining to genus Pantoea. 

[0016] The present invention also provides a feedstuff additive, wherein the gram-negative bacteria are Pantoea 
agglomerans. 

[0017] The present invention also provides a feed for crustaceans or fishes comprising the feedstuff additive. 
[0018] The present invention also provides a feed for crustaceans or fishes comprising the agent for preventing the 
30 perish. 

[0019] The present invention also provides a method of breeding crustaceans or fishes comprising administering 
the feed to crustaceans or fishes. 

[0020] The feedstuff additive of the invention is prepared from gram-negative bacteria by purification, e.g. according 
to the method disclosed in JP-A-8-1 98902. The present inventors prepared a feed containing a low molecular weight 
35 LPS having a molecular weight of 5000 ± 2000. When the feed was supplied to crustaceans and fishes, it was found 
that the feed prevented viral or bacterial infectious diseases and protected them against decease by activation of the 
intrinsic immune function. The present invention was accomplished based on this finding. 

[0021] The low molecular weight LPS of the present invention is, as described above, a lipopolysaccharide having 
a molecular weight of 5000 ± 2000 which is prepared from gram-negative bacteria, e.g. according to the method dis- 

40 closed in J P-A-B- 198902. The LPS of this invention is characterized in that the LPS is pronouncedly safer for crusta- 
ceans or fishes and can produce a significantly higher effect of activating immunity and a higher effect of preventing 
infection and decease than conventional LPSs (with a molecular weight of 1 million to 10 millions). 
[0022] In the present invention, the term "substantially free of high molecular weight lipopolysaccharide" means 
"not containing lipopolysaccharide having a molecular weight of at least 8,000". 

45 [0023] The gram-negative bacteria for use in the invention include, for example, those pertaining to genera Pan- 
toea, Salmonella, Aeromonas, Serratia and Enterobacter, and further include those described in JP-A-4-99481 . Among 
useful gram-negative bacteria, those of Pantoea are preferred and those of Pantoea agglomerans are more preferred. 
[0024] The low molecular weight LPS of the present invention can be prepared by a method comprising incubating 
gram-negative bacteria or the like in the conventional manner, collecting the cultured bacteria from the culture medium, 

so extracting the collected bacteria by conventional methods, such as hot phenol method (edited by O. Westphal, Methods 
in Carbohydrate Chemistry, vol. 5, p.83, Academic Press, 1965) and purifying the extract with an anion exchange resin. 
More specifically, the method comprises suspending bacteria in distilled water, adding the suspension to a mixture of 
distilled water and an equal volume of hot phenol, stirring the mixture, centrifuging the mixture to recover the aqueous 
layer, dialyzing the aqueous layer to remove the phenol, concentrating the aqueous layer by ultrafiltration to obtain 

55 crude LPS fractions, purifying the fractions by conventional anion exchange chromatography (e.g. using mono Q- 
Sepharose or Q-Seph arose) and desalting the same in the conventional manner. 

[0025] The purified LPS thus obtained is substantially identical with the LPSs having a molecular weight of about 
5,000 to about 6,000 as disclosed in JP-A-4-187640, JP-A-4-49240, JP-A-4-99481 and JP-A-5-155778. The purified 
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LPS is subjected to gel filtration in the presence of a surface-active agent such as sodium deoxycholate to recover only 
low molecular weight LPS-containing fractions, whereby only a highly purified low molecular weight LPS is obtained by 
removal of the high molecular weight LPS from the fractions. The procedure of gel filtration in the presence of a surface- 
active agent Is carried out to more highly purify the LPSs having a molecular w ight of about 5,000 to about 6,000 which 
5 are disclosed in JP-A-4-1 87640, JP-A-4-49240 and JP-A-5-155778, whereby th high molecular weight LPS is com- 
pletely removed from the fractions. 

[0026] The term "crustaceans" used herein refers to all of lobsters, shrimps or prawns such as kuruma prawn 
(Penaeus japonicus), ushi prawn (Penaeus monodon), Yellow Sea prawn (Penaeus chinensis) and banana prawn 
(Penaeus morguiensis), and all of crabs such as Portunus trituberculatus and Chinese mitten crab, preferably lobsters, 

w shrimps or prawns, more preferably prawns. The term "fishes" used herein include all of fishes such as yellowtail, globe- 
fish, real sea bream, flatfish, eel and rainbow trout The infectious diseases referred to herein include acute viremia of 
crustaceans, their vivrio diseases, parasitosis such as Bpistylis sp., Zoothamnium sp. or mycosis such as Lagenidium 
sp., Siropidium sp.; iridovirus infectious diseases of fishes, their rhabdovirus diseases, neuronecrosis, infectious hemo- 
poietic organ necrosis, pseudotuberculosis, streptococcic diseases, enterococcus diseases, vivrio diseases, cold-water 

is disease, Pseudomonas diseases, gliding-bacteria diseases and Saprolegnia diseases, and all of infectious diseases 
caused by viruses, mycoplasmas, bacteria, fungi and parasites among which the feedstuff additive and feed of the 
invention can be more effectively used for viremia of crustaceans, and fishes' diseases such as streptococcic diseases, 
enterococcus diseases and vivrio diseases. 

[0027] The low molecular weight LPS of the present invention can be used as a feed additive for crustaceans and 
20 fishes, and for this purpose, may be used as it is or as mixed with conventional earners, stabilizers and the like and 
optionally with vitamins, amino acids, minerals and like nutrients, antioxidants, antibiotics, antibacterial agents and 
other additives. The feed additive is prepared in a suitable form such as powders, granules, pellets or suspensions. The 
feed additive may be supplied to crustaceans or fishes, alone or in mixture with a feed. For prevention of diseases, the 
feed additive may be supplied together with the feed at all times or at a latter half of feeding time. 
25 [0028] The feeds of the present invention are not specifically limited but can be any of powdery feeds, solid feeds, 
moist pellet feeds, dry pellet feeds, extruder pellet feeds and live baits. 

[0029] The proportion of the low molecular weight LPS in the feed of the invention can be selected from a wide 
range and is preferably 0.000001 to 0.001 % by weight, more preferably 0.00002 to 0.00005% by weight to which its pro- 
portion is not limited. The amount of the low molecular weight LPS to be used can be suitably determined. For example, 
30 the LPS is applied at a daily dose of 1 to 1 00 u.m, preferably 1 0 to 20 u,g, per kilogram of the body weight of crustaceans 
or fishes to which, however, the dose is not limited. 

BEST MODE OF CARRYING OUT THE INVENTION 

35 [0030] The present invention will be described in detail with reference to the following Examples to which, however, 
the invention is not limited. Low molecular weight LPS used in Examples is LPS having a molecular weight of about 
5,000, and high molecular weight LPS is LPS having a molecular weight of about 8,000 to 50,000. 

Reference Example 1 (Preparation of low molecular weight LPS) 

40 

[0031 ] A 1 0 g quantity of tryptone (product of DIFCO CO.), 5 g of yeast extract (product of DIFCO CO.) and 1 0 g of 
NaCI (product of WAKO PURE CHEMICAL INDUSTRIES, LTD., special grade) were added to 1 liter of distilled water. 
The suspension was adjusted to a pH of 7.5 with NaOH and was sterilized in an autoclave. A single colony was sepa- 
rated from Pantoea agglomerance-carrying bacteria maintained at -80°C and was inoculated in a 500 ml-voL Sak- 

45 aguchi flask holding 100 ml of a culture medium containing sterile glucose (product of WAKO PURE CHEMICAL 
INDUSTRIES, LTD., special grade) at a proportion of 0.1% (hereinafter referred to as L-broth medium). Then the cells 
were subjected to shake culture at 35°C overnight. The cultured cells were inoculated in its entirety in a 3 liter-vol. Sak- 
aguchi flask holding 1,000 ml of L-broth medium and were further cultivated in the same manner as above. 
[0032] The cultured cells were inoculated in a 10-liter vol. desk fermenter (product of MARUBISHI BIOENGI CO.) 

so holding 7 liters of L-broth medium and were subjected to aeration culture under the same conditions. The cells were 
collected to recover about 70 g of wet bacteria and were freeze-stored. About 70 g of freeze-stored cells were sus- 
pended in 500 ml of distilled water. A 500-ml quantity of 90% hot phenol was added to the suspension. The mixture was 
stirred at 65 to 70°C for 20 minutes and was cooled. The mixture was centr'rfuged at 10,000 G and 4°C for 20 minutes 
to recover the aqueous layer. The phenol layer was treated in the same manner as above. Then the two aqueous layers 

55 thus obtained were combined and dialyzed overnight to remove the phenol. The inner solution was concentrated by 
ultrafiltration in a 2 atom, nitrogen gas using an ultrafiltration device (product of ADVANTEC TOYO CO., K-200) with a 
membrane filter by cutting off molecular w ight 200,000. 

[0033] The lyophilized product of crude LPS thus obtained was dissolved in distilled water, the filter was sterilized, 
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a buffer was added, and th solution was subjected to anion exchange chromatography (product of PHARMACIA Co., 
Q-Sepharos first flow). Th specim n solution was pass d through the column using a buffer containing 10 mMTris- 
HCI (pH 7.5) and 1 0 mM NaCI to elute a limulus active fraction with 200 to 400 mM NaCI/1 0 mM Tris-HCL (pH 7.5). The 
eluate was subjected to uttrafiftration under th same conditions as above for desalting and concentration and was 

5 lyophilized to obtain about 300 mg of purified LPS from about 70 g of wet bacteria. 

[0034] The obtained purified LPS (1 00 mg) was dissolved in a solubilizing buffer [comprising 3% sodium deoxycho- 
late (product of WAKO PURE CHEMICAL INDUSTRIES LTD.), 0.2 M sodium chloride, 5 mM EDTA-2Na and 20 mM 
Tris-hydrochloric acid, pH 8.3]. The purified LPS solution (20 ml) was gentry placed over Sephacryl S-200 HR column 
(product of PHARMACIA CO.). Then, 800 ml (50 hours) of the solution was eluted with an eluting buffer [comprising 

10 0.25% sodium deoxycholate (product of WAKO PURE CHEMICAL INDUSTRIES LTD.), 0.2 M sodium chloride, 5 mM 
EDTA and 10 mM Tris hydrochoric acid, pH 8.3] at a flow velocity of 16 ml/hr. 

[0035] The obtained eluate was fractionated by a fraction collector (product of ADVANTEC CO., trade name SF 
2120) under control of flow velocity using a perista-pump PI (product of PHARMACIA CO.). A first 240-ml portion (24- 
fraction portion) was cast away. Thereafter the residue was fractionated into 80 fractions at 1 0 ml/fraction. The saccha- 

75 ride in the eluted fractions was quantitatively determined using the base solution or diluted solution by phenol/sulfuric 
acid method (Sakuzo FUKUI, "Method of Quantitative Determination of Reducing Sugar", 2nd ed., pp. 50 to 52, Gakkai 
Shuppan Center, 1990) to check the elution state. The fraction pattern of LPS was investigated by SDS-PAGE method 
using 0.5 ml of each of fractions 37 to 55 among the fractions presumably having LPS (fractions 30 to 60). 
[0036] The result of investigation demonstrates that the fractions 45 to 55 contained only low molecular weight LPS 

20 (m.w. about 5000) and that fractions 37 to 44 contained both low molecular weight LPS and high molecular weight LPS. 
The low molecular weight LPS fractions of fractions 45 to 55 were further purified is follows. 

[0037] The fractions was mixed, lyophilized and suspended in ethanol. The suspension was centrifuged to remove 
the deoxycholic acid soluble in ethanol and to recover a low molecular weight LPS in insoluble fractions. The ethanol 
treatment of the low molecular weight LPS fractions was further repeated twice, followed by removal of deoxycholic 
25 acid. The obtained LPS was suspended in 70% ethanol again, and the buffer component was removed by centrifuga- 
tion. The same procedure was repeated three times for recovery of low molecular weight LPS in the insoluble fractions, 
followed by lyophilization, whereby about 20 mg of purified low molecular weight LPS was produced. 

Example 1 (Safety of low molecular weight LPS in crustaceans) 

30 

[0038] Kuruma prawns having an average weight of 20 g were divided into 5 groups of each 20 prawns. The low 
molecular weight LPS of the present invention was intramascuiarly administered to the third abdominal segment of 
prawns in Groups 1 and 2 at a dose of 50 mg and 100 mg, respectively per kilogram of the prawn's weight. On the other 
hand, a conventional high molecular weight LPS (derived from E. coli, E. coli 01 1 1 manufactured by DIFCO CO.) was 
35 intramascuiarly administered to the third abdominal segment of prawns in Groups 3 and 4 at a dose of 1 0 mg and 20 
mg, respectively per kilogram of the prawn's weight. Group 5 received a physiological saline free of LPS. The life or 
death of prawns up to 120 hours after administration was checked to determine a mortality. The results are shown in 
Table 1. 

40 

Table 1 



Group 


number of perish / 
number tested 


mortality (%) 


Group 1 low MW LPS 50 mg/kg 


0/20 


0 


Group 2 low MW LPS 100 mg/kg 


0/20 


0 


Group 3 high MW LPS 1 0 mg/kg 


13/20 


65 


Group 4 high MW LPS 20 mg/kg 


20/20 


100 


Group 5 physiological saline 


0/20 


0 



[0039] As apparent from Table 1 , a mortality of prawns in the groups receiving 1 0 mg or 20 mg of high molecular 
weight LPS was 65 or 1 00%, respectively, whereas no prawn died in the groups receiving 50 mg and 1 00 mg of low 
55 molecular weight LPS. It is clear from the above data that low molecular weight LPSs are significantly safe for prawns 
as compared with conventional high molecular weight LPSs. 
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Example 2 (Safety of low molecular weight LPS in fishes) 

[0040] Black carps having an average weight of 85 g were divided into 3 groups of each 40 carps. Th low molec- 
ular weight LPS of the present inv ntion was intramascularly administered to the dorsal region of black carps in Group 
1 at a dose of 1 00 mg per kilogram of the carp's weight. On the other hand, a conventional high molecular weight LPS 
(trade name E. coli 01 1 1 manufactured by DIFCO CO.) was intramascularly administ red to the dorsal region of black 
carps in Group 2 at a dose of 20 mg per kilogram of the carp's weight. Group 3 received a physiological saline free of 
LPS. The life or death of black carps up to 120 hours after administration was checked to determine a mortality. The 
results are shown in Table 2. 



Table 2 



Group 


number of perish / 


mortality (%) 




number tested 




Group 1 low MW LPS 100 mg/kg 


0/40 


0 


Group 2 high MW LPS 20 mg/kg 


34/40 


85 


Group 3 physiological saline 


0/40 


0 



[0041 ] As apparent from Table 2, a mortality of black carps was 85% in the group receiving 20 mg of high molecular 
weight LPS, whereas no black carp died in the group receiving 1 00 mg of low molecular weight LPS. It is dear from the 
above data that the low molecular weight LPS of the present invention is significantly safe for fishes as compared with 
conventional high molecular weight LPS. 

Example 3 (Activity of activating phagocytosis in hemocyte of crustaceans) 

[0042] Kuruma prawns having an average weight of 20 g were divided into 6 groups of each 20 prawns. Groups 1 , 
2 and 3 received the low molecular weight LPSs of the present invention as admixed with feeds at a daily dose of 20, 
40 and 1 00 jig, respectively per kilogram of prawn's weight. On the other hand, Group 4 received a high molecular 
weight LPS as admixed with a feed at a daily dose of 100 u.g, and Group 5 received the same at a daily dose of 1 000 
fig, per kilogram of prawn's weight The feeds were given for 7 days. Group 6 was given a feed free of LPS. On day 0, 
day 1 , day 5 and day 7 after supply of the feeds, the blood was collected from the thorax recess of prawns using a 
syringe holding a K-199 culture medium containing L-cystein as an anticoagulant. Hemocyte cells were obtained by 
centrifugation. The obtained cells (1 x 10 5 cells per microliter of the suspension) were mixed with 1 X 10 8 latex beads 
(1 .986 ujn in diameter) and were reacted at 25°C for 30 minutes. After fixing the reaction mixture with glutaraldehyde, 
it was air-dried. Then the mixture was subjected to giemsa staining and was fixed to a slide glass with Eukitt. The same 
procedure was repeated to obtain five samples per prawn. The hemocyte cells (200 cells per sample) were observed 
at random under an epi-fluorescent microscope to determine the phagocytosis ratio of latex beads in hemocyte and the 
number of latex beads phagocytized into one cell of hemocyte. Then the phagocytosis index was calculated by the fol- 
lowing equation. 

Phagocytosis ratio= [number of hemocyte cells taking beads/total number of hemocyte cells observed] x 100. 

Average number of beads taken by hemocyte cells - 
number of beads taken by hemocyte cells/number of hemocyte cells taking beads. 

Phagocytosis index= [number of hemocyte cells taking beads/total number of hemocyte cells observed] 
x [number of beads taken by hemocyte cells/total number of hemocyte cells observed] x 100. 

Test results: The biophylaxis of crustaceans involves a cell factor and a liquid factor. The phagocytosis of foreign 
particles in hemocyte is deeply concerned with the former. When the phagocytosis of foreign particles in prawn's 
hemocyte is assessed, it is clarified whether the defensive mechanism of prawns is activated. [Yukinori TAKA- 
HASHI et al, Research of Fish Diseases, 30 (2), pp.141 to 150, (1995)]. In view of said theory, the phagocytosis 
index was determined on day 0, day 1 , day 5 and day 7 after supply of feeds for the groups receiving high molecular 
weight LPSs and the groups receiving the low molecular weight LPSs. The results were tabulated in Table 3. 
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Table 3 



Group 


Phagocytosis Index of 
hemocyt 




0 


1 day 


Group 1 low MW LPS 20 u.g/kg 


0.9±0.1B 


2.110.61 *2 


Group 2 low MW LPS 40 jig/kg 


0.910.18 


3.311.16*2 


Group 3 low MW LPS 100 jig/kg 


0.9±0.18 


3.8±1.00 *2 


Group 4 high MW LPS 100 jig/kg 


0.9±0.18 


0.7±0.31 


Group 5 high MW LPS 1000 |xg/kg 


0.9±0.18 


1.1+0.63 


Group 6 feed free of LPS 


0.9±0.18 


0.5±0.24 




5 days 


7 days 


Group 1 low MW LPS 20 jig/kg 


3.2±0.71 *2 


8.4±1.37 *2 


Group 2 low MW LPS 40 jig/kg 


4.5±0.75 *2 


3.7±1.02 *2 


Group 3 low MW LPS 100 |ig/kg 


3.1±0.94 *2 


2.810.70 *1 


Group 4 high MW LPS 100 |ig/kg 


0.7±0.82 


1 .210.44 


Group 5 high MW LPS 1000 \ig/kg 


2.1±0.58 *1 


2.9+0.68 *1 


Group 6 feed free of LPS 


0.7+0.5 


1.1+0.56 



*1 : significant difference between this group and Group 6 (P<0.05) 
*2: significant difference between this group and Group 6 (P<0.01) 



30 [0043] As apparent from Table 3, the groups receiving the low molecular weight LPSs (present invention) showed 
a higher phagocytosis index in hemocyte of prawns than Group 6 and a significant difference in this index from Group 
6 (P<0.01 p P<0.05). The group receiving 1 00 u,g of conventional high molecular weight LPS was unable to increase the 
phagocytosis index in hemocyte of prawns after 1 , 5 and 7 days. However, the group receiving 1 000 jig of conventional 
high molecular weight LPS showed a significantly higher phagocytosis index in hemocyte of prawns (P<0.05) than 

35 Group 6 after 5 and 7 days. The above data show that the low molecular weight LPSs of the present invention can acti- 
vate the defensive mechanism such as phagocytosis in hemocyte of prawns even when used in an extremely smaller 
amount than the high molecular weight LPSs. 



Example 4 (Activity of activating phenol oxidase in hemocyte of crustaceans) 

40 

[0044] Kuruma prawns having an average weight of 20 g were divided into 6 groups of each 20 prawns. Groups 1 , 
2 and 3 received the low molecular weight LPSs of the present invention as admixed with feeds at a daily dose of 20, 
40 and 100 u,g, respectively per kilogram of prawn's weight Group 4 received a high molecular weight LPS as admixed 
with a feed at a daily dose of 100 jxg, and Group 5 received the same as admixed with a feed at a daily dose of 1000 
45 (ig, per kilogram of prawn's weight. The supply of the feeds continued for 7 days. Group 6 received a LPS-free feed. The 
blood was collected from the thorax recess of prawns using a syringe holding a KHE culture medium having EDTA on 
day 0, day 1 , day 5 and day 7 after supply of feeds. The collected blood was centrrfuged to obtain hemocyte cells. The 
obtained cells were suspended in a Ca-Mg Hepes culture medium to a concentration of 1 X 10 6 cells/ml. The cells were 
crushed by freeze resolution and supersonic waves. The supernatant was separated off by centrifugation and was Al- 
so tered with a membrane filter. The obtained filtrate (900 uJ) was mixed with 100 uJ of L-DOPA solution as a substrate 
solution. Thereafter the mixture was reacted at a temperature of 60°C for 60 minutes. Then the absorbance at 490 nm 
was measured by a spectrophotometer to assess a phenol oxidase activity (PO activity). 



Test results: The biophylaxis of crustaceans involves a cell factor and a liquid factor. The PO activity in hemocyte 
55 is deeply concerned with the latter. Thus, it is clarified by assessment of PO activity whether the defensive mech- 
anism of prawns is activated. The PO activity of prawns was determined on day 0, day 1 , day 5 and day 7 after sup- 
ply of feeds for the groups receiving the low molecular weight LPSs (present invention) and th groups rec iving 
high molecular weight LPSs. The results were tabulated in Table 4. 
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Table 4 



Group 


PO activity (absorbance • 490nm) 




0 


1 day 


5 days 


7 days 


Group 1 low MW LPS 20 upykg 


0.092 


0.105 


0.199 *1 


0.405 *2 


Group 2 low MW LPS 40 u.g/kg 


0.092 


0.115 


0.201 *1 


0.325 *2 


Group 3 low MW LPS 100 u.g/kg 


0.092 


0.166 *1 


0.170*1 


0.292 *2 


Group 4 high MW LPS 1 00 ug/kg 


0.092 


0.093 


0.124 


0.138 


Group 5 high MW LPS 1 000 u.g/kg 


0.092 


0.104 


0.197*1 


0.230 *1 


Group 6 feed free of LPS 


0.092 


0.093 


0.136 


0.123 



*1 : significant difference between this group and Group 6 (P<0.05) 
*2: significant difference between this group and Group 6 (P<0.01) 

[0045] As apparent from Table 4, the groups receiving the low molecular weight LPSs (present invention) indicated 
20 a higher PO activity than Group 6 and a significant difference in this activity from Group 6 (P<0.01 , P<0.05). The group 
receiving 100 u.g of conventional high molecular weight LPS did not increase in PO activity in hemocyte of prawns up 
to 7 days. The group receiving 1000 u.g of conventional high molecular weight LPS showed a significantly higher PO 
activity in hemocyte of prawns(P<0.05) than Group 6 after 5 and 7 days. The above data show that the low molecular 
weight LPSs of the present invention can activate the defensive mechanism such as PO activity in hemocyte of prawns 
25 even when used in an extremely smaller amount than the high molecular weight LPSs. 

Example 5 (Effect of preventing acute viremia in kuruma prawns) 

[0046] Kuruma prawns having an average weight of 1 4 g were divided into 7 groups of each 20 prawns. Groups 1 , 
30 2 and 3 received the low molecular weight LPSs of the present invention as admixed with feeds at a daily dose of 20, 
40 and 100 |ig, respectively per kilogram of prawn's weight Group 4 received a high molecular weight LPS as admixed 
with a feed at a daily dose of 1000 u.g, per kilogram of prawn's weight Group 5 received peptidoglycan (PG) derived 
from Bifidobacterium thermophilum (Patent No.2547371) as admixed with a feed at a daily dose of 0.2mg (200 u.g), per 
kilogram of prawn's weight. Group 6 received f$-1,3-glucan (1,3-G) derived from Schizophyllum commune (JP-B-6- 
35 65649) as admixed with a feed at a daily dose of 50mg (50000 u.g), per kilogram of prawn's weight. The supply of feeds 
continued for 18 days. Group 7 (control group) was given a LPS-free feed. 

[0047] On day 8 after the start of supply of LPS, infection test was conducted using PRDV (penaeid rod-shaped 
DNA virus) as a pathogen inducing acute viremia in prawns. Carapaces were removed from the cephalothorax of three 
prawns which died of acute viremia. The intestine of prawns was crushed and homogenized in 40 ml of sterile seawater. 
40 The supernatant (1 0 ml) was separated off by centrifugation (1 0,000 x g, 1 0 minutes, 4°C) and added to 20 liters of sea- 
water. On day 8 after the start of supply of LPS, prawns were infected with acute viremia by immersion in the superna- 
tant for 2 hours. The life or death of prawns was observed for 10 days after infection. The dead prawns were 
pathologically tested and examined by PCR (polymerase chain reaction) method to confirm whether the prawns died of 
infection with PRDV. 

45 

Test results: Tables 5 and 6 show the total number of dead prawns and a mortality after infection with PRDV in the 
groups receiving low molecular weight LPSs of the present invention, the group receiving a high molecular weight 
LPS and the group receiving a LPS-free feed. 

so 



55 
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Table 5 



Group 


Days after infection 




1 


2 


3 


4 


5 


Group 1 low MW LPS 20 u,g/kg 


0 


0 


0 


2* 


3 


Group 2 low MW LPS 40 (ig/kg 


0 


0 


3 


4 


4 


Group 3 low MW LPS 100 u.g/kg 


1 


1 


3 


3 


4 


Group 4 high MW LPS 1 00 jig/kg 


1 


1 


6 


6 


6 


Group 5 PG 0.2mg/kg 


0 


0 


2 


5 


5 


Group 6 1,3-G 50mg/kg 


0 


3 


5 


7 


10 


Group 7 feed free of LPS 


2 


4 


13 


14 


15 



* The number indicates the total number of dead prawns. (Other numbers 
show the same.) 



20 



Table 6 



Group 


Days after infection 


Mortality 




6 


7 


8 


9 


10 




Group 1 low MW LPS 20 jig/kg 


3 


3 


4 


4 


4 


20 *** 


Group 2 low MW LPS 40 ug/kg 


6 


6 


6 


7 


7 


35*** 


Group 3 low MW LPS 100 u.g/kg 


5 


6 


8 


8 


8 


40 *** 


Group 4 high MW LPS 1000 jig/kg 


9 


9 


10 


11 


11 


55 ** 


Group 5 PG 0.2mg/kg 


7 


8 


8 


8 


10 


50 ** 


Group 6 1 ,3-G 50mg/kg 


10 


11 


11 


12 


12 


60 ** 


Group 7 feed free of LPS 


18 


18 


19 


20 


20 


100 



: significant difference between this group and Group 7 (P<0.05) 
1 : significant difference between this group and Group 7 (P<0.01) 



40 

[0048] All (100%) of prawns died in the control group receiving a LPS-free feed up to 9 days after infection with 
PRDV. On the other hand, 20%, 35% and 40% of prawns died in the groups receiving 20, 40 and 100 u.g, respectively 
of low molecular weight LPS (present invention). In other words, a low mortality resulted from these groups, and a sig- 
nificant difference (P<0.01) exists between these groups and the control group. In contrast, 55% of prawns died in the 
45 group receiving 1000 u.g of high molecular weight LPS, which means that more prawns died in this group than the 
groups receiving the low molecular weight LPSs. The above data demonstrate that the low molecular weight LPSs of 
the present invention can prevent viral infection of prawns and that the low molecular weight LPSs are more efficacious 
than conventional high molecular weight LPSs. 

so Example 6 (Activity of activating immune function in fishes) 

[0049] Yellowtails weighing 230 g on an average were divided into 6 groups of each 20 yellowtails. Groups 1 , 2 and 
3 received the low molecular weight LPSs of the present invention as admixed with moist pellets at a daily dose of 20, 
40 and 100 u.g, respectively per kilogram of yellowtail's weight. Group 4 received a high molecular weight LPS as 
55 admixed with moist pellets at a daily dose of 100 u,g, and Group 5 received a high molecular weight LPS as admixed 
with moist pellets at a daily dose of 1 000 u,g, per kilogram of yellowtail's weight. The feeds were given for 7 days. Group 
6 received LPS-free moist pellets. On day 0, day 1, day 5 and day 7 after supply of feeds, a head kidney was xcised 
from 5 yellowtails. Then hemocyte cells were separated in a plastic petri dish holding a 0.25% NaCI-containng RPMI- 
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1640-HAH culture medium. Th cells wer pass d through a cell filter to give a cell suspension. The susp nsionwas 
placed over a discontinuous Percoll density gradient. Th reafter a leukocyt layer was formed by centrifugation (1600 
rpm., at 4°C for 20 minutes). 

[0050] Th leukocyte layer was collected and was subjected to centrifugal washing after which the cells wer sus- 
pended in a 10% FBS {fetal bovine serum)-containing 0.25% NaCI-including RPMI-1640-H cultur medium. The 
number of leukocyte cells in the suspension was adjusted to 1 X 10 6 cells/ml. The leukocyte suspension (500 uJ) and 
500 ul of a suspension (1 x 1 0 8 ceils/ml) of yeast opsonized with serum of yellowtail were placed into a silicone-treated 
glass test tube and were incubated at 25°C for 60 minutes with stirring every 1 0 minutes. After incubation, 5 smears per 
yellowtail were produced, subjected to Wrighfs staining and enclosed with Eukitt. The hemocyte cells (200 cells per 
smear) were observed at random under an optical microscope. Then the number of yeast cells phagocytized into leu- 
kocyte was counted. The phagocytosis index was given by the same equation as in Example 3. The results are shown 
in Tables 7 and 8. 



Table 7 



Group 


Phagocytosis index of leuko- 
cyte 




0 


1 day 


Group 1 low MW LPS 20 jig/kg 


7.3±2.30 


12.7±2.65 *1 


Group 2 low MW LPS 40 ug/kg 


7.3±2.30 


17.9+3.99*2 


Group 3 low MW LPS 100 u.g/kg 


7.312.30 


18.6+4.12*2 


Group 4 high MW LPS 100 ug/kg 


7.312.30 


6.3±2.24 


Group 5 high MW LPS 1000 ug/kg 


7.3±2.30 


8.212.18 


Group 6 feed free of LPS 


7.312.30 


6.6±1.19 



*1: significant difference between this group and Group 6 (P<0.05) 
*2: significant difference between this group and Group 6 (P<0.01) 



Table 8 



Group 


Phagocytosis index of leuko- 
cyte 




5 days 


7 days 


Group 1 low MW LPS 20 ug/kg 


39.212.54 *2 


52.7+.4.08 *2 


Group 2 low MW LPS 40 ug/kg 


37.414.28 *2 


37.0+3.11 *2 


Group 3 low MW LPS 1 00 ug/kg 


42.615.35 *2 


36.5±4.32 *1 


Group 4 high MW LPS 100 ug/kg 


11.213.05 


10.6±2.96 


Group 5 high MW LPS 1000 ug/kg 


22.7+3.16*1 


31.8+3.52*1 


Group 6 feed free of LPS 


9.0±2.04 


7.7+1.73 



*1: significant difference between this group and Group 6 (P<0.05) 
**2: significant difference between this group and Group 6 (P<0.01) 



[0051 ] As apparent from Tables 7 and 8, any groups of yellowtails receiving the low molecular weight LPSs (present 
invention) indicated a higher phagocytosis index in leukocyte of yellowtails than Group 6 and a significant difference 
(P<0.01, P<0.05) in this index from Group 6. However, the group receiving 100 ug of conventional high molecular 
weight LPS did not increase the phagocytosis index in leukocyte of yellowtails after 7 days. The group receiving 1 000 
Ug of conventional high molecular weight LPS showed a significantly higher phagocytosis index (P<0.01) in leukocyte 
of yellowtails than Group 6 after 5 days. The above data show that the low molecular weight LPSs of the present inven- 
tion can activate the immune system of fishes such as phagocytosis in leukocyte in an extremely smaller amount than 
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conventional high molecular weight LPSs. 

Example 7 (Effect of preventing enterococcus disease in yellowtails) 

s [0052] Yellowtails weighing 63 g on an average were divided into 5 groups of each 30 yellowtails. Groups 1 , 2 and 
3 received the low molecular weight LPSs of the present invention as admixed with moist pellets at a daily dose of 20, 
40 and 100 u.g, respectively per kilogram of yellowtail's weight. Group 4 received a high molecular weight LPS as 
admixed with moist pellets at a daily dose of 1 000 \xg per kilogram of yellowtail's weight Group 5 (control) received LPS- 
free moist pellets. On day 7 after supply of feeds, the yellowtails were intraabdominal^ inoculated with Enterococcus 

io Seriolicida as a pathogen causing enterococcus disease of yellowtail in an amount of 4.0 X 10 6 cells per yellowtail. A 
mortality 15 days after inoculation was determined. The results are shown in Tables 9 and 10. 



Table 9 



Group 


Days after infection 




1 


2 


3 


4 


5 


6 


7 


8 


9 


Group 1 low MW LPS 20 u,g/kg 


0 


0 


0 


0 


0 


0 


0 


0 


r 


Group 2 low MW LPS 40 jig/kg 


0 


0 


0 


1 


1 


2 


2 


4 


4 


Group 3 low MW LPS 100 u.g/kg 


0 


0 


0 


0 


0 


1 


3 


3 


5 


Group 4 high MW LPS 1000 u,g/kg 


0 


0 


0 


1 


1 


1 


3 


3 


3 


Group 5 feed free of LPS 


0 


0 


1 


2 


7 


7 


10 


12 


16 



* The number indicates the total number of dead yellowtails. (Other numbers show the same.) 
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Table 10 



Group 


Days after infection 


Mortality (%) 




10 


11 


12 


13 


14 


15 




Group 1 low MW LPS 20 jig/kg 


3 


3 


3 


3 


4 


4 


13.3 *** 


Group 2 low MW LPS 40 jig/kg 


7 


8 


8 


8 


8 


8 


26.7** 


Group 3 low MW LPS 1 00 u.g/kg 


5 


5 


5 


7 


7 


7 


23.3** 


Group 4 high MW LPS 1000 jig/kg 


5 


9 


10 


10 


11 


11 


36.7** 


Group 5 feed free of LPS 


16 


16 


17 


22 


22 


22 


73.3 



** : significant difference between this group and Group 5 (P<0.05) 
***: significant difference between this group and Group 5 (P<0.01) 



45 

[0053] On 15th day after inoculation of E. Seriolicida, 73.3% of yellowtails died in the control group receiving LPS- 
free feed. In contrast, a low mortality is indicated by the groups receiving the low molecular weight LPSs of the present 
invention, i.e. 13.3% from the group receiving 20 u.g, 26.7% from the group receiving 40 u.g and 23.3% from the group 
receiving 100 u.g. In other words, there is a significant difference (P<0.05) in mortality between these groups and the 
so control group. On the other hand, a mortality of 36.7% resulted from the group receiving 1000 u.g of high molecular 
weight LPS. This group showed a higher mortality than the groups receiving low molecular weight LPSs. The above 
results show that the low molecular weight LPSs of the present invention can protect fishes against viral infection and 
are more efficacious than conventional high molecular weight LPSs. 

55 INDUSTRIAL APPLICABILITY 

[0054] According to the present invention, there is provided a safe feedstuff additive for growing crustaceans and 
fishes, the feedstuff additive being capable of preventing infectious diseases by properly activating their intrinsic 
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immune function even when used in a small amount, being capable of preventing the perish of crustac ans and fishes, 
and b ing free from the problems of public h alth hazards such as the feedstuff additive remaining in crustaceans and 
fishes. 

5 Claims 

1 . A feedstuff additive for crustaceans or fishes, characterized in that it is prepared from gram-negative bacteria, that 
it has a molecular weight of 5000 ± 2000 as measured by SDS-PAGE method using a protein marker, that it is sub- 
stantially free of high molecular weight lipopolysaccharide, that it contains a low molecular weight lipopolysaccha- 

w ride as an effective component and that it is capable of activating immunity or preventing infection in crustaceans 
or fishes. 

2. A feedstuff additive for crustaceans or fishes comprising the low molecular weight lipopolysaccharide of claim 1 and 
a carrier acceptable for crustaceans and fishes. 

75 

3. Use of the low molecular weight lipopolysaccharide of claim 1 for the preparation of a feedstuff additive for crusta- 
ceans or fishes. 

4. A method of activating immunity or preventing infection in crustaceans or fishes comprising administering an effec- 
20 five amount of the low molecular weight lipopolysaccharide of claim 1 to crustaceans or fishes. 

5. An agent for preventing the perish of crustaceans or fishes comprising the low molecular weight lipopolysaccharide 
of claim 1 as an effective component. 

25 6. An agent for preventing the perish of crustaceans or fishes comprising the low molecular weight lipopolysaccharide 
of claim 1 and a earner acceptable for crustaceans and fishes. 

7. Use of the low molecular weight lipopolysaccharide of claim 1 for the preparation of an agent for preventing the per- 
ish of crustaceans or fishes. 

30 

8. A method of preventing the perish of crustaceans or fishes comprising administering an effective amount of the low 
molecular weight lipopolysaccharide of claim 1 to crustaceans or fishes. 

9. A feedstuff additive according to claim 1 , wherein the gram-negative bacteria are those pertaining to genus Pan- 
as toea. 

10. A feedstuff additive according to claim 9, wherein the gram-negative bacteria are Pantoea agglomerans. 

1 1 . A feed for crustaceans or fishes comprising the feedstuff additive of claim 1 . 

40 

12. A feed for crustaceans or fishes comprising the agent for preventing the perish of claim 5. 

1 3. A method of breeding crustaceans or fishes comprising administering a feed of claim 1 1 to crustaceans or fishes. 
45 14. A method of breeding crustaceans or fishes comprising administering a feed of claim 12 to crustaceans or fishes. 

15. A feedstuff additive according to claim 1, wherein the infectious diseases is acute viremia of crustaceans, their 
vivrio diseases, parasitosis or mycosis ; iridovirus infectious diseases of fishes, their rhabdovirus diseases, neu- 
ronecrosis, infectious hemopoietic organ necrosis, pseudotuberculosis, streptococcic diseases, enterococcus dis- 

so eases, vivrio diseases, cold-water disease, Pseudomonas diseases, gliding-bacteria diseases or Saprolegnia 
diseases. 

16. A feedstuff additive according to claim 1, wherein the high molecular weight lipopolysaccharide is one having a 
molecular weight of at least 8,000. 

55 
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^mm^m^mmmm^mm-r^iz^x. mnmmtizvj )V7,m 

z.n%om%<D^*>mm&mm\z-D^T\-$.. mmmtLx&i&mn^&f&irim 
20 (Dmm&tiiVT^zztfrz. ik¥mmz&ft\stfi\,^ffittmtf&<mi£nT^ 

?xU£A ; E7^7A^©WH^'J*> (#^2 5 4 7 3 7 1 ^ 
25 , /X3 L 7XHfc£4f7A»ttM©«tegJ5fc# (#^¥3- 1 7 3 8 2 6# 
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&$B) , XXfcD*$r*#©0- 1. 3-y;U^7> (#&¥6-6 5 6 4 9^ 

alati, F. and R. Kusuda, B 5 3t, 2 0 1-2 0 4^-5?, 

5 1 9 8 7^) (Odean. M. J. e>. Infection and Immunity, 5 8i, 4 2 
7 — 4 3 1 9 9 0^) „ 

B&T) ±E©^7 ABttiS *©^^ K i^'J * >, IWMW^ 
!5^iStfe0> ttM9EH? (TNF) »4&JB©fcl£ 
h* (LPS) IJ^WlOO^-lOOOSi, ««>T*€r<#tt*«3fiV» 

RfciB^fcfcK:* ¥»aR^«i*fctta^©«»!ffi*«*58b, ^-©IS**JEfc 

20 n&*>©*>&0, B*fc«»w»*£fcfcSL-Ti>s. ^©irsttt, ^ne»© 

25 Rj£3ftT*5D, MK:Mili*T*5fc«>k:ta#:ji^*iac^:#<JKSI$n, 



WO 00/57719 PCT/JPOO/01764 

3 

\zftfcy)(Dmtf$>Z>Z.t. (Fish Pathology. 30 (2), 141-150, 

1995. 6) . ^tm<DLP s(D^^\zmm^^fztb\zmmmmx'\tmmx't 

10 

DS -P AG E Lfc^ftrt* 5 0 0 0 + 2 0 0 01?, J«^*U*3j?U 
*fc*56Wtt, ±fB{£#T*U WJ-tfy*^ Kfttf¥«£;fttffc£Ktt« 

25 *fc*ISWtt» ±Kffi» ; f*U#3|5UtJ-y*7< K&w^wtcttssnsa 
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4 

JfMK©«W;fr8:fc«*. 

^5AR#©a^«ija#:*»^«X.«1*IB¥8 - 1 9 8 9 0 2 *t&« 
15 {C^ViT^^$nfc^ffi(Ccfc-pT^MLfe#)MTr. ^fij6«5 000 + 2000 

20 MoMfiLPsn i9iabfc«fc-5K:^7AiiEtt©a^«ia#^^, m 

ts^5 o o o±2 o o ocytftfuu-ya^'f 1***3**, ^©1#^««© 
jat^fiL p s (^g ioo^iooos) njt^T^a«R^«fcj*r 

25 *#-ra^<htc:fe?)o 
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5 f©Mi?4- 9 9 4 8 1 A£tt©«£«»K#fc£ 

«tDifS KIW> M7 • 7^o/7>7, (Pantoea agglomerans) T*&5. 

10 --^I7h77-^ (O. Westphal) If, * V yX • <f > • K U 

-h • ^5XhU- (Methods in Carbohydrate Chemistry) > ^5#, ^8 
3^— 7*^5 • :7V* (Academic Press), 1 9 6 5^] , ££9*4 

0Bfle*3BSS*K:a»U £©»»«£!««*£«£ tf£gS©J»:7x 7 -;U©^ 

7xy-;^iSl, RttttiB&fc«fc0»*8LTffiLPSiia > £SHRU £©H 

d©ct-5lCLTt#6>nfeJiMLPS«!|$^¥4- 1 8 7 6 4 0% v «, 1#W3p 
20 4 - 4 9 2 4 0^«» #W¥4-9 9 4 8 1 ^&SM3 J:tf#H¥ 5 - 1 557 
7 S^iCPI/T^n^^ftS, 0 0 0^e>6. 0 0 Oga?©LPS£HS»fc: 

#©jMS«tt»©#«TTy;patiBU p s fc^rr*a#©*£@ 

25 iJICft^ILPS^IISitms. £©Mffi«J#£TT'©y«ii© 
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6 

Igtt, ftffl¥-4-l 8 7 6 4 O^M, #i¥4-4 9 2 4 0-^&fB*3«ktf*5F 
M¥5- 1 5 5 7 7 8^&$8t;i|$7r<£n<5#^tt5, 0 0 0^e>6, 0 0 0*§S<£> 

ilps ^tcii^nsct^^. 

5 *56WO»jRtft:S¥»Slfctt. ^JUTXh* (Penaeus japonicus) . -)xi 
\L (Penaeus monodon) , (Penaeus chinensis) , Attik' 

(Penaeus morguiensis) f 0^;|/7it'i$:^T©xt:i (lobster, 
shrimp, prawn £#tr) , ±«^f-» Jtflf 5«O^T©*=»*^*. #£L< 

io £T©*sug£^tf. sss^ttt^as 

Ofctt^-fJl'^rtiifc. fcf 7 U Bpistylis sp. , Zoothamnium sp. UroW 
fc-smiLageoidium sp. , Siropidium sp. ^(DM&fii* MM<D-1 U K 

25 *mM<Dffin\tmzm%.2nz>b(DT'tett< , mmmn. mmmn. * 
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-tZh^Uy hffin. Vy-t^Uy bffin, EP (Extruder Pellet) ffin, 
frZWVirtZtf. JfS L < ttif4iJD^JXHi^l:MLT 0. 0 0 0 0 0 1- 

5 o.ooi mm%. #^ff*b< fio. o o o o 2~o. oooo 5ii%-e$5 
ifi, ztuzmfeznz t>0-m&^„ p s (D^mm\m^.^rtat 

Bi^m** mz.&tp&WiRzf&m<Dfoni kg^oigitLti-ioo/ig, 
»sl<«i o~2 o Mg£&-rrs<£>#cfcv^, cmKis^ns 

10 

OOWLPST&tK iS»flLPSili^fi8, 0 0 0-5^OLPST?$ 
15 3„ 

i mft^m lps ©m^) 

h'jyh> (x^nftM) 10g. iix^X 5g, Na 

CI (In^M^I^M, 1 0 g*M%*l 'J y MWlSsiOU NaOHT* 

pH£7. 5KWSEU ^--h^U-^T'iSSML^ BUKiSMLfciOl/D-X (ft 
20 JtoWaUfctfcSL «r») £0. 1 XOf«^T»lJDLfc»ift (JWTL -fcfl-igifci: 
fEfrf-5) 1 O Ora 1 ©Aofc5 0 Ora 1 §0«P77X3l;, -8 0t:T&# 
$ntl^/t>hi7 • T^o^^>X (Pantoea agglomerans) &#MI*^e> 

0 0 0ml ©L-|*Jr1-i£i*!J©Ao/i3 U v b)V®0)%n 7 CfillU, 
25 fc**L.&. 
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8 

ttl/Htiyytti!) £J8*LfcB#£«iIU l«l^#T*MMig^U 
©$aSU «7 0 g®gSfle£|5|JRU £ ft Lfco 
++70g£500ml O&StMcMU 5 0 0m 1 09 0 %i7i/-M 
&sJnLT6 5-7 0'CT2 0flfi3J*#U &2?U 1O.O00G, 4tT2 0 

fi«U 2 HOTKEY U l«MlT7x;-J^iiL, Stfft 

^^K^ffljlge (7F!?7>fyi'' UK- 2 0 0) SlflUT 

ftffllU i^ft>^D7h^77^- (77;PVvTam, Q-t77D- 
X-77-7h - 7D-) fcjft>W\ 10mMhU7s-HCl (pH7. 5) 
1 0mM<DNaCl£^ftMffimT*&m®Wi&t)7Alzmm\s. 2 0 0~4 0 0m 
MNaCl/1 OmM HJX-HC1 (pH7.5) A? Ai£ttH#£»tttSii- 

S70g ®Si#^ 6^ 3 0 0 m g (Dm ML P S 

#bft£*S®SLPS 1 0 0rag^5rag/m 1 ©»«T?nTJgfc|gffiiK [3%5* 
rt+^-^&^HJ^A (W^M^a^) 0. 2M^b^-h'J^A, 5 mME 
DTA-2NaM^2 0mMh'JX-M!!i^&^ pH8.3] 
*f§2LPS*gi&2 0ml$t77^'J^S-2 0 0HR*7^ (7 7^y7a 
SO ©±S*fc#tf»fc:MU ^ffi^*^ [0. 2 5%Tt+y3-^th l J') 
A (fPTfeM^tfcSS) , O^MMth'J^A, 5mMEDTA*5ckt>*l OmM 
M)A-JtB&J&>Sfc?K pH8.3] l:i^ll6ml/HT8 0 0ml (5 

omm) mmisfc. 

^UX^^>7'PI (7 7^y7tti) ^ffl^TiSI^PL^b. f#e> 
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ntz®ihm%, 7^->3>3k^- <7KA>.-ry.*ttBL SF2 12 0) 
fcJ:D*HBU S*U©2 4 0ml (2477^y3>^) fcftifcU M10 
m 1 /77^->3>T'8 0 7^^v3>ST'^HLfCo SHiUfc#H»lCO^T 

5 JIRJ , i5 0~5 2^-y, ^WJK-fe 1 9 9 0^) Kcfc 93I<D£*£ 

n«4HS (75^y3>30~60) ©5%, 77^V3>37~550^77 
i7va>0. 5ml Sffl'^TS D S - P AGE&frU, LPS©#H/^— >£ 

10 -tOJS*, 75^'>3>4 5-5 5 te<£#^» (ft^M® 5,0 0 0) LPS 

PS^gft&nfcOT, 75^'>a>4.5 - 5 5<D&jHr&L P S^li^^Ci 

{£#^*L P S H#©X*/-;i/M£ 2 |sI£«U t^Mtv^-JI^* 

fcfc 3 @E«U fi#^SLPS£*£tt®#K:|nlJKU 
U «S l/fcffi^IL P S §ft 2 0 m gifc. 

20 gtsm (¥»ai:*fnft^iLPs®^tt) 

PS (t>TM5.0 0 0) SHf0ftllkg&5 1KI:ll5Orag, 2KK: 
(il OOmg^, ££t£#©iS#^*L PS (*fl§0E&3fcLPS, E. coli 0 
111, D I FCOthSL 7>^*^J8, 0 0 0-5??) £3E(C«1 Omg, 4 
25 &\Z\$2 0mgt/j:*«fc'5C®3tt»)Hfrtrt{Ci9!4Lfc. 5EI:(iLPSm 
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K & E # 




mm (%) 


1 EflfeSHHtL P S 5 Omg/k g 


0/2 0 


0 


2E#^HFfiLPS 1 0 Omg/k g 


0/20 


0 


SEE^fiLPS 1 Omg/k g 


1 3/20 


6 5 


4Eii«H : fiLPS2 0mg/k g 


2 0/20 


10 0 


5 E£3££2KE 


0/20 


0 



5 gl^^i^Mictat:, SS^SLPSCDl 0mg&^2 OmgK©*JE^ 
7^*1^*16 5, 1 0 0%T^ofc©II*fLT, fi^SLPS05OmgK& 

*5fi«©fi$HFaL P S ttft#©if§#T«L P S \Zit^X. xt: IzM-TS^c^tt 

10 £JB0!I2 (&^f£#T3&#^ftLPS©££tt) 

lKlClifi^flLPSlOOmg^ 2 EtCteit&#TSL P S (E. col i 0 
111. DIFCOaSJ) 20mg£. VvTnfc«fiM8ifcrtfc:Jft#Ufc. 3EC 
ttLPS££*fclr>£36£7Rfctt#Ufc. &-5-&1 2 0«T©7^®4 

[«2] 



•t ft E # 




me& (%) 


lEfi^SLPS 1 0 Omg/k g 


0/40 


0 


2EK5HFSLP S 2 Omg/k g 


3 4/4 0 


8 5 


3 E±a^*fckE 


0/4 0 


0 



fc©C3*UT, fi^iLPS 1 0 0mgKU85Et5IH#^<*Sfta:i>o 
20 fc. z\<DZ\tif>e>* ^WOte^aLPSH^OK^SLPSfcJt^T, 
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3E{Cte{£$H^LPS£xt:<Z)#fil k gilfcO 1 BMtLX. -W?n2 0, 
5 4 0, lOO^g^ S/iiS^T»LPS^4Kf3{il 0 0 Ai g, 5gl;ttl0 
0 0//g<h7^-5J;aH^H^'&LT7 BHg-^bifc. 6gl:ttLPS^J& 
t^^^fc. ^#M^0, 1 , 5, iai|@^Ji:lT©L-yXr 

-f >s-&trK-i 9 9mm*Antc&®$$$:m^T2Lti(Dmmfr*>mtfD.L. 

MiaoTAi^lfc. SSflEl ix 1 1§£D 1X10 5 8HliS<D«t 1X10 
10 8 l07T7^Xt'-X (agl.9 8 6/zm ) 5^L, 2 5"CT* 3 0 flfeUS 

^fcD 5^SSU, &m%ytmffim*m^TWi*l&%tzr) 2 0 0®<Djfa^£te 
15 j^R**'** T^(CJ;oT^^Jg|!c**i?>fco 

ft&m= [\i-x^M^htzjkm^/mmLrzM(owk'\ x 1 0 0 

ii*nfek*-Xi[/^bfc«©^ia:] x 1 0 0 

£KJ;oTES#fcfc*ras*3MUJ6 :&*?i$ff&3 0 (2), 14 1-15 0 
(1 9 9 5) ] . t^X\ ^HJ^iS^MLPSES^iS^TaLPSEd^ 
25 tt3£#IS#i0, K 5, 7 B'&O-kftm&ZmL ^3fc;*L;to 
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[£3] 



» ft K £ 


rfn ft <n " 

III*- AfJV. vj 


& ft i£ %r 

1 ft 1B % 


0 


i m 


lE3S5>7*LPS20/ig/kg 


0.9±0. 18 


2. 1±0.61 *2 


2E£ft9?tLPS40jig/kg 


0. 9±0. 18 


3. 3±1. 16 *2 


3E6S»ILPS100jig/kg 


0.9±0. 18 


3. 8±1.00 *2 


4E^)ffiLPS100/zg/kg 


0. 9±0. 18 


0. 7±0. 31 


5E^1:LPS 1 0 00 /£ g/k g 


0. 9±0. 18 


1. 1±0. 63 


6ELPS«^W^s|g: 


0. 9±0. 18 


0. 5±0. 24 




K ft K # 


Jb ft <o * * £ ft 


5 


7 asm 


106£?*LPS2O < zg/kg 


3. 2±0. 71 8:2 


8.4±1. 3 7 


20&>mPS4O/ 1 g/kg 


4. 5±0. 75 $S2 


3. 7±i. 02 m 


30g£?fi;LPSlOOMg/kg 


3. 1±0. 94 %2 


2. 8±0. 70 JS51 


4ESi&?S:LPS100;ig/kg 


0. 7±0. 82 


1. 2±0. 44 


5B«£?ftLPS1000/ig/kg 


2. 1±0. 58 3ftl 


2. 9±0. 68 


6ELPS«BSWiHe 


0. 7±0. 5 


1. 1±0. 56 



* 1 : 6&£<Dffl\Z&Mg; (P<0. 0 5) 
*2 : 6E.tcorBlt3W.sll (P<0. 0 1) 

n-rn©*^ m e t tic 6 mz it ^t^<, ^rjft&n^snfc (p< 

0. 0 1, 0.05) . LfrU ftfcOffifl-^SL P S £ 1 0 0/igg4LfcXk' 

fc*5V>Ttt«#5> 7 amz6&£Qb%M\Z&<te-3tz (P<0.0 5) . 
10 ±<DZL£fre>. *5SW©fi^ : fSLPSttlR^*LPS«tOt>a«>Ta»T, 

m) 

15 3El:l»fiLPS^lt*0#ll kgSfcD 1 BiiLT, ^*l^n2 0. 
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0 0 u gtfcZ£5lZ.9m&U'&\sT7 BWS#Lfc. 6Kl;:teLPS££*fc 

Anfca»«*fflViTxtf©ii(i^6«jfiiL, m>bftmz£oTik®zmco m 

5 ettfcifo#£Ca-Mg Hepes^Jfttl x 1 0 6 MM/m 1 «fc5£SiSL 

>^l/>7^;l/^-T5iSLfc„ Z(Difc9 0 0 1 <hSS^?S<?:LT©L-DO 
PA«Sltl 0 Om 1 6 0tgg(TT6 0$HHlfiJ&3i*\ #ftftgft£ 

m>T4 9 0 nmfcfctt-SiRftflf&aiJfcU 7x /-^tf+S'^—tf (PO) « 
10 tttl/fc. 

*«iSttteLW*#»§*>tt, POi£ttSPI'*S;r£K:J:oT ! b9!Sj&»fc:fcS. -t 
ZT\ ^^©fi^MLPSKXtfiS^aLPSEfc^ttaS-^IBJ&O, 1, 
15 5, 7 B«©POStt£fflK* £4fcjKL&. 
[*4] 



It Sfe EC £ 


POm ®bfcffi-4 90nm) 


0 


1 


5 


7 mm 


lEEKSH* 

LPS20/1 g/kg 


0. 092 


0. 105 


0. 1 9 9 8?1 


0.405 BS2 


2Egg#?fi 
LPS40 M g/kg 


0. 0 92 


0. 1 15 


0.201 JKl. 


0. 3 2 5 *2 


3E&&?a 
LPS100//g/kg 


0. 0 92 


0. 166 SStt 


0.170 SKI 


0. 2 9 2 -*2 


LPS100j£g/kg 


0. 092 


0. 0 93 


0. 124 


0. 138 


LPSlOOOjig/kg 


0. 092 


0. 104 


o. 197 m 


o.23o m 


I 6Elps*rbswbre 


0. 092 


0. 0 93 


0. 136 


0. 123 



SKI : 6K£©MK:W*H (P<0.0 5) 
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*2 : 6g<h©ril:tfi (P<0. 0 1) 
m4frt>Wt>frt£J:z>\Z, {£#^*LPS£&4LfcXfc*lC:fctf3«©PO 

mmt. ^?n<D*%w&tb\z6mzit'<Tm< . w*fcss#*5ftfc (p< 

0. 0 1. 0. 0 5) . L*>U ^©iSfrTML P S £ 1 0 0 /zgg^L/rXt: 
5 IIi5^?)«©POfett«S#7 a^^-C±#ii-r, 1 0 0 0 m gKHiSV^Tfi 
&4 5» 7 B&K6KJ;r) fcWitfeiiiKfto*: (P<0.0 5) 0 ^±©^«h^ 
*^B^©{£^*LPS«ilS^ftLPSckOfc@46T^»T\ it'M® 
PO?Stt^<h'(Z)^^Bg^tt^t-S^<li«b^T*^o 

10 TO&Ml 4 g©^;i/TXt*^2 0SToro5^H^tt. #fgHJE©l , 2, 
SEMWiLPSJlk^ll kgSfcOl SltLT, ^n^tl2 0, 
40. lOOjig^ ^fc4EHHiSS^SLPS^l 0 0 0 Mgt^^>J;-5{c 
gm^il^LTl 8BP B 1£#Lfc. 5KtC«^ff^2 5 4 7 3 7 1 ^&*8fB®© 
hV 7^ KA'^f'J^A • D— ^Aft*<D^7 p 5 L h*yU*> (PG) 2:0. 

15 2mg/kg (2 0 0/ig/kg) <hft&J; 5 6 Ktt4#»¥6 - 6 5 6 4 
9^#f2m©XXtD^^r**<D3- 1. 3-^;i/#> (1, 3-G) ^50m 
g/kg (5 0 0 0 0tfg/kg) «h^^J:-5(I^^ICg^UTl 8 BMfi#b 
&. 7^©*fBgK{Ctt, L P S£^£&^gm£47tfc. 
LPS^W8 B^K, ^^TXh*mtr>^;i/Xifii5lE©MS^^;U7.T^ 

20 5PRDV (penaeid rod-shaped DNA virus) £/B^"OB*ttlft*fT ofc„ 
*^llckoT«b^3m©^;^Xt'©ra^?^^fiJ^L.fc© 
4 0ml©iiWT'* : Eyt-fXL 1 8'C>#* ( 1 0 . 0 0 0 X g , 1 
Oftffl. 4*0 K«fcoT*§&*lfc±flll 0m 1 $2 0 U y MKDJtaKfclB&fc. 
£ © * (C L P S £ ft# mt& 8 B &© X fcf & 2 ra^/ftT 5 i o Xmm £ i± 

25 fee ffigfe&l 0 BFb1©HI5E^^S^L, «5EtfcxlfK:t?lriTtt#Hi1feW2fe^ 
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PCR (Polymerase chain reaction) &(Ccfc3&S£fToTP RD Vl£j:£ 

fi?ET' h z z. t *mm l 

: #^0J©&#^*LPSE, ^fiLPSEMLPSiM© 
P RD V«»&k:*5tt* *;U^xe08««JEgR£«JE*£« 5-6 (C^Lfe. 



5 [*5] 



IS ft K # 




1 


2 


3 


4 


5 


LPS 2 0 Mg/kg 


0 


0 


0 


2* 


3 


2 Kffifl^ft 

L P S 4 0 tfg/kg 


0 


0 


3 


4 


4 


3 Kfi^* 

LPS 1 0 0 iig/kg 


1 


1 


3 


3 


4 


L P S 1 0 0 0 Mg/kg 


1 


1 


6 


6 


6 


5KPG 0. 2mg/kg 


0 


0 


2 


5 


5 


6K1.3-G 5 Omg/kg 


0 


3 


5 


7 


1 0 


7KLPS&ME 


2 


4 


1 3 


1 4 


1 5 



& ft K # 






mm 
(%) 


6 


7 


8 


9 


1 0 


1 Kteft^P ft 
LPS 2 0 iig/kg 


3 


3 


4 


4 


4 


2 0*** 


2 Kfi^ft 

LPS 4 0 |ig/kg 


6 


6 


6 


7 


7 


3 5*** 


3 Kfi^ ft 
LPS 1 0 0 /ig/kg 


5 


6 


8 


8 


8 


4 08$** 


LPS 1 0 0 0 /ig/kg 


9 


9 


1 0 


1 1 


1 1 


5 5** 


5EPG 0. 2mg/kg 


7 


8 


8 


8 


1 0 


5 0** 


6'K1. 3-G 5 Omg/kg 


1 0 


1 1 


1 1 


1 2 


1 2 


6 0** 


7KLPSSS8SlinK 


1 8 


1 8 


1 9 


2 0 


2 0 


10 0 



** 7 Kt<Dm\Z.#M£ (P<0. 0 5) 



WO 00/57719 , 6 PCT/JPOO/01764 

&£<Dffl\zmM£ (P<0. 0 1) 

1110 0 XAmKlsfzOiZftL, ^^©fg^teiSfr^SL PS20/tgE 
rt*20%, 40jtigE#35%» 10 0MgK^4 0%i^ftlfe®<. W 
5 £©P B 1£#;lft^/^£n;t (P<0. 0 1) „ B^lLPS^l 0 0 

0 n gg-^L£:Xh*©fg5E*m5 5%, PGJO. 2mgS4bfcXt'«$ 
115 0%, 1. 3 -G£5 0 m gg-S-L-feXk* ©H5ETO 6 0%l?feO, 
*LPS*S#Lfc^E{Cit^T^©Xli^5Ebfe. «±©J6*j&>^ #38 
^©WiL P S lixfO^^iasi^^Wb. *-©8ft*fcJ:«*®i!S 

mmm 6 (ft£©ft«*fi6fc#T3fcttfcfiuH) 

¥#l#fi2 3 0 g©7'J£2 0R-ro©6#C»Jt» #3691© 1» 2, 3KI: 
ttft^iL P S & ^'J ©#1 1 k g Sfe D 1 B 1 1 LT, ftlfn2 0, 4 0, 
100/ig^, Sfc^flLPS^4Ki:«l 0 0/tg. 5|gfCttl 0 0 0 M 
15 gtasJ:^!:^^ b^Uv BWft4bfc. 6ElcteLPS£ 

:7lJ#6S»£ttttlU 0. 2 5%NaClgsiJPRPM 1 - 1 6 4 0-HAH^i 

Mtt&fcifc. £©fc&percoll*a«»«43E±K:ML.fc©'5, 1 6 0 0 r 
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Abstract Lipopolysaccharide (LPS) has been recognized 
as a potent antitumor agent in animal tumor models; 
however, its use in human cancer therapy has been limited 
to only one trial, in which LPS from Salmonella was given 
intravenously. It was not very successful because of poor 
tumor response and was also toxic. We originally developed 
LPS prepared fxomJPanto ea ag glomerans (LPSp), and this 
was a well-purified, small^r^l^uTar^mass (5 kDa)Tgent. 
Wechose intradermal rather than intravenous administra- 
tion in the hope that the former would release LPS slowly 
into the bloodstream, and thus be less toxic while preserv- 
ing antitumor activity. In our animal tumor models, intra- 
dermal administration was indeed less toxic and more 
beneficial for tumor regression than intravenous adminis- 
tration. We made a pilot study with intradermal adminis- 
tration of LPSp on the treatment of ten advanced cancer 
patients. Five of them had evaluable tumor, which had 
failed earlier to respond to conventional chemotherapy. 
Cyclophosphamide was also administered in this trial, in 
anticipation of its synergistic effect with LPSp. In this study 
LPSp was injected intradermal^ into each patient twice a 
week, starting with an initial dose of 0.4 ng/kg, and raising 
it to 600 or 1800 ng/kg. A 400-mg/m 2 dose of cyclophos- 
phamide was given intravenously every 2 weeks. After 
completion of the dose escalation, the treatment was 
continued for at least 4 months, and it was found that 
1800 ng/kg LPSp was well tolerated. A significant level of 
cytokines was observed in the sera for at least 8 h. These 
results indicate higher tolerable doses and remarkably more 
continuous induction of the cytokines than were reported in 
a previous study by others using intravenous administra- 
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tion. Three of the five evaluable tumors showed a signif- 
icant response to our combined therapy. Intradermally 
administered, LPS was less toxic and elicited a tumor 
response in combination with cyclophosphamide; it can 
thus can be applied to cancer treatment even in humans. 

Key words Lipopolysaccharide * Tumor necrosis factory 
Immunotherapy • Cytokine • LPSp 



Introduction 

About a century ago Coley (1881-1935) showed the 
therapeutic efficacy of a mixed bacterial vaccine, so-called 
Coley 's toxin, to human cancer [18]. According to a report 
by Nauts, the 5-year survival rate without recurrence was 
42% in 204 patients with inoperable advanced cancer who 
received only this vaccine [18]. Regardless of how one 
interprets this result, this information shows that a patient's 
immune system, when given appropriate immunostimula- 
tion, can attack its own cancer and cause complete regres- 
sion of the tumor. In that period, however, there was no 
knowledge of the mechanism involved in tumor regression 
by Coley's toxin. Unfortunately, clinical interest in Coley 
therapy diminished in preference to radiotherapy and che- 
motherapy in the course of their advent into cancer therapy 
[18]. It has not developed into an established biotherapy for 
cancer. 

In 1943 Shear and Turner isolated lipopolysaccharide 
(LPS) as the active agent in Coley 's toxin [16], and since 
that time the mechanism underlying the therapeutic efficacy 
of LPS for cancer has been studied using animal models. 
LPS is well recognized as a potent immune stimulator as 
well as a multicytokine inducer, and is known to have 
potent antitumor activity through a host-defense mecha- 
nism. Practically, LPS has been very clearly demonstrated 
to cause tumor regression in animal tumor models. It is 
viewed as promising for cancer immunotherapy even in 
humans, as previously shown in animals. However, its use 
in human cancer therapy has been limited to only one trial. 
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since LPS is rather difficult to prepare as a pure and stable 
product and is also toxic. The one trial was performed by 
Engelhardt et al. using LPS from Salmonella, which they 
injected intravenously into advanced cancer patients |4. 5|. 
This study showed that the maximum tolerated dose (MTD) 
was 8.0 ng/kg, and this dose resulted in only l case of 
partial response out of 24 |4). This indicates that, although 
LPS can cause tumor regression even in human, its MTD is 
too low to be effective in human cancer therapy when it is 
administered by the intravenous route. 

LPS prepared from Pantoea agglomerans (LPSp) was 
originally developed in our institute. LPSp is a well- 
purified, small-molecular-mass (5 kDa) LPS which has 
been standardized and stabilized as an investigational 
medical drug |8, 1 3. 17|. For the treatment of cancer 
patients, we chose intradermal rather than intravenous 
administration of LPSp in the hope that the former would 
release LPS slowly into the bloodstream, and thus be less 
toxic, and preserve antitumor activity. In our animal tumor 
models, intradermal administration was indeed less toxic 
and more beneficial for tumor regression than intravenous 
administration. We examined the antitumor effect of LPSp 
on various murine syngeneic tumors. Well-established, 
poorly immunogenic tumors such as MHI34 hepatoma 
and Lewis lung carcinoma were found to regress comple- 
tely without regrowth when LPSp was administered by the 
intradermal route in combination with cyclophosphamide 
(2|. Administration of LPSp alone or cyclophosphamide 
alone showed suppression of the tumor growth, but neither 
caused complete regression |2]. Intravenous administration 
of LPSp showed less antitumor effect than intradermal 
administration, and did not cause complete regression, 
even in combination with cyclophosphamide, the median 
lethal dose for intradermal administration was observed 
to be five times higher than that for intravenous adminis- 
tration (9|. 

In a pilot study on the treatment of advanced cancer 
patients with intradermal administration of LPSp in combi- 
nation with cyclophosphamide, we evaluated the toxicity 
and biological effect, and sought evidence of antitumor 
activity of this combined therapy. We report here that this 
treatment induced continuous release of cytokines and 
caused tumor response with less toxicity. 



ftfflateriads and methods 

Preparation of LPS 

Li popoly saccharide was isolated from Pantoea agglomenms by the hot 
phenol me 1 hod of Westphal in our institute 1 1 3). LPSp was dissolved in 
saline and prepared in different concentrations. 



Selection of patients 

Patients eligible for this study were those with histologically confirmed 
advanced cancer on whom conventional therapies were not expected to 
have an effect, with 0-3 points of performance status and adequate 



baseline physiological function, including hematological status, renal 
function and hepatic function. The exclusion criteria included infec- 
tious disease or fever, and cardiac or pulmonary failure. All previous 
conventional therapies had been discontinued for more than 4 weeks. 
Signed informed consent was obtained from all ten individuals. 



Study design 

All the patients were hospitalized for observation while they underwent 
this therapy. A 200-ul sample of LPSp solution was carefully injected 
intradermal ly in an upper limb twice a week; the initial dose was 0.4 ng/ 
kg, since this dose had no adverse effect even when administered by 
the intravenous route, according to Engelhardt et at. |4. 5\. It was 
planned to raise the dose to 600 ng in the first five patients and then, 
after evaluation of the MTD, to raise it in the next five patients, to 
1800 ng/kg. A 400-mg/m- dose of cyclophosphamide was given 
intravenously every 2 weeks, anticipating its synergistic effect with 
LPSp, as had been observed earlier in a mouse experiment 1 1. 2|. When 
the tumor regressed or was stable, the treatment with these doses was 
continued for at least a further 4 months. Indomethacin (50 mg), which 
is a cyclooxygenase inhibitor, was given 30 min before LPSp injection. 
This was shown to be beneficial for reducing the degree of fever, while 
not suppressing the release of cytokines such as tumor necrosis factor 
(TNF) [4, 5 J. Vital signs were monitored every 30 min until at least 6 h 
after injection. The patients were evaluated weekly for complete blood 
count, coagulation profile, liver function and renal function. An 
electronic cardiogram and chest roentgenogram were performed after 
completion of the dose escalation. 



Measurement of serum cytokines levels 

At the completion of the dose escalation to 600 ng/kg. sera were 
obtained just before and I, 2, 4 and 8 h after LPSp injection, and stored 
at -80 °C until analysis. At the completion of the dose escalation to 
18(H) ng/kg in cases 6- 10. the sera were obtained just before and 2 h 
after injection of LPSp. The level of TNF. interleukin-6 (IL-6) and 
granulocyte -colony -stimulating factor (G-CSF) was measured by en- 
zyme-linked immunosorbent assay with commercially available kits 
(Medgenix Diagnostics, Brussels, Belgium; Endogen Inc.. Massachu- 
setts, USA; Amersham. Buckinghamshire. England).. The sensitivities 
of the assay for TNF. 1L-6 and G-CSF were 5 pg/ml. 4 pg/mf and 10 pg/ 
ml respectively. 



Ev aluation of tumor response 

Tumor responses were evaluated by physical examination, appropriate 
roentogenic studies and ultrasound, and assay of serum tumor markers 
if they were available, at appropriate intervals. 



Results 

Patients studied 

Ten patients were studied (Table I ), ranging in age from 22 
to 66 years with 51 years as the median. Clinical diagnoses 
were uterine cervical cancer in three patients, ovarian 
cancer in six and malignant brain meningioma in one. 
Prior therapy other than surgery consisted of chemotherapy 
in six patients, radiotherapy in two, chemotherapy and 
radiotherapy in two. Five (cases I. 2, 4. 6 and 9) out of 
the ten patients had evaluable tumor at the start of treat- 
ment, and in all these five, the tumor had been shown to 
progress during the prior chemotherapy. In four out of these 
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Table 1 Characteristics of the patients in this study. Ten patients were two. Five out of the ten patients had e valuable tumor at the start of 
studied. Prior therapy other than surgery consisted of chemotherapy in treatment, and in all these five the tumor had been shown to progress 
six patients, radiotherapy in two, chemotherapy and radiotherapy in during the prior therapy. S surgery, C chemotherapy, /? irradiation 



Case 


Age 


Diagnosis 


Histology 


Maximum dose 


Prior therapy 


Evaluable 




(years) 






(ng/kg) 




tumor 


1 


59 


Ovarian cancer 


Clear-cell carcinoma 


8 


S, C 


Yes 


2 


43 


Cervical cancer 


Adenocarcinoma 


600 


S. C. R 


Yes 


3 


44 


Cervical cancer 


Squamous-cell carcinoma 


600 


S. R 


No 


4 


61 


Ovarian cancer 


Endometrioid adenocarcinoma 


600 


S. C 


Yes 


5 


57 


Ovarian cancer 


Mucinous cystadenocarcinoma 


600 


S, C 


No 


6 


50 


Ovarian cancer 


Clear-cell carcinoma 


1800 


S, C 


Yes 


7 


52 


Ovarian cancer 


Undifferentiated carcinoma 


1800 


s, c 


No 


8 


66 


Ovarian cancer 


Endometrioid adenocarcinoma 


1800 


s, c 


No 


9 


22 


Brain tumor 


Malignant meningioma 


1800 


S, C.R 


Yes 


10 


53 


Cervical cancer 


Squamous-cell carcinoma 


1800 


S, R 


No 



Table 2 Dose and toxicity profile for intradermal administration of 
lipopoly saccharide from R agglomerans (LPSp) to patients. LPSp was 
injected intradermal ly into ten patients, starting with an initial dose of 
0.4 ng/kg. It was planned to raise the dose of 600 ng in the first five 
patients and then, after evaluation of the maximum tolerated dose, to 
raise it in the next five patients to 1800 ng/kg. Nine of the ten patients 

Dose of LPS (ng/kg) 



tolerated the administration of LPSp at 600 ng/kg or 1 800 ng/kg well, 
and showed minimum side-effects, including fever, fatigue and mild 
nausea. One patient had a fever even at a dose of 0.4 ng/kg. probably 
because of inflammatory carcinomatous peritonitis of her advanced 
ovarian carcinoma, so the dose was raised to no more than 8.0 ng/kg. 
The numbers of patients are shown in parentheses 



0.4 1.0 2.0 4.0 8.0 20.0 40.0 100.0 200.0 400.0 600.0 800.0 1000 1200 1400 1600 1800 
(10) (10) (10) (10) (10) (9) (9) (9) (9) (9) (9) (5) (5) (5) (5) (5> (5) 



Fever 

WHO grade I I1I1I--1I223 3 41 1- 

WHO grade 11 ------- -I 1 - - - 3 3 4 

WHO grade 111 - -- ----- ---- 

Fatigue -------11122 3 3 4 3 4 

Nausea — — — — — — — — — — — — I 1 123 

Hypotension --- ----------- --- 

Dyspnea _________________ 

Hepatic toxicity - - - - - - - - - - - - - - - 

Renal toxicity - - - - . - - - - - - - 



five (cases !, 2, 4 and 6), prior chemotherapy included 
cyclophosphamide and cisplatin as a conventional regimen 
for ovarian and cervical cancer. 



Toxicity 

Nine of the ten patients tolerated the administration of 
LPSp at 600 ng/kg or 1800 ng/kg well, and showed 
minimum side-effects. One patient had a fever even at the 
dose of 0.4 ng/kg, probably because of inflammatory 
carcinomatous peritonitis of her advanced ovarian carcino- 
ma, so the dose was raised to no more than 8.0 ng/kg. The 
incidence of clinically adverse effects is shown in Table 2. 
Fever and chills was seen in three out of nine patients 
(33%) at a dose of 600 ng/kg and in four out of five patients 
(80%) at 1800 ng/kg. The fever, regardless of its WHO 
grade, could be inhibited by additional administration of 
25 mg or 50 mg indomelhacin. All fevers returned to 



normal within 12 h in all patients. Mild fatigue was 
observed in most of the patients with fever, and three out 
of five (60%) had mild nausea at 1800 ng/kg. No other 
toxicities including hepatic, renal toxicity, hypotension or 
dyspnea were observed. 



Cytokine levels in serum 

When dose escalation to 600 ng/kg LPS was completed, the 
serum levels of TNF, IL-6 and G-CSF were determined by 
enzyme-linked immunosorbent assay (Table 3). Baseline 
TNF levels were below 15 ng/kg in all patients. In eight out 
of nine patients, a significant level of TNF was induced, 
ranging between 200 pg/ml and 2800 pg/ml. The levels in 
sera peaked 1 h or 2 h after the injection and at 8 h still 
remained at a significant amount. The average peak level of 
TNF was 680 pg/ml, and the other cytokines. G-CSF and 
JL-6. were observed to be significantly induced following 
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Table 3 Serum level of tumor necrosis factor (TNF), i merle ukin-6 [IL- 
6) and granutocyte-colony-stimulating factor (G-CSF) in nine patients 
after intradermal administration of LPS p. At the completion of the dose 
escalation to 600 ng/kg. the sera were obtained just before and I, 2, 4 
and 8 h after LPSp injection. At the completion of the dose escalation 
of 1800 ng/kg in cases 6- 10. the sera were obtained just before and 2 h 
after injection of LPSp. The levels of TNF. IL-6 and G-CSF were 
measured by enzyme -I inked immunosorbent assay. The sensitivities of 

Case Dose TNF IL-6 



3 
4 
5 
6 

7 

,8 

9 

10 



the release of TNF, and also remained for at least 8 h. When 
1800 ng/kg LPSp was administered in cases 6-10, the 
serum level of the cytokines was determined. The cytokines 
were induced significantly 2 h after injection in four out of 
five patients, and the level was higher than that observed in 
the 600-ng/kg administration. 

Fig. 1 The serum level of tumor 
necrosis factor (TNF) in cases 2 
(□). 3 (M) and 9 (□) after intra- 
dermal administration of lipopo- 
lysaccharide from P agglomerans 
(LPSp) at various intervals. After 
the 4 months of treatment, the 
LPSp was administered at various 
intervals to patients 2, 3 and 9. 
The time of injection is indicated 
in each patient. ($). Serum sam- 
ples were obtained 2 h after LPSp 
injectin on several occasions. The 
serum level of TNF is shown. As 
in case 2, daily consecutive in- 
jections resulted in remarkable 
attenuation of TNF response. 
However, there was no difference 
in induction of TNFa between 
repeated injections twice a week 
and those at longer intervals 



the assay for TNF, IL-6 and G-CSF are 5 pg/ml. 4 pg/ml and 10 pg/ml 
respectively. Baseline TNF levels were below 15 ng/kg in all patients. 
In eight out of nine patients, a significant level of TNF was induced, 
ranging between 200 pg/ml and 2800 pg/ml. The levels in sera peaked 
I h or 2 h after the injection and at 8 h still remained significant. The 
other cytokines. G-CSF and IL-6. were observed to be significantly 
induced, following the release of TNF. and also to remain for at least 
8 h. ND not detected 

G-CSF 



Schedule of LPS administration 

After the 4 months of treatment, the 600 ng/kg or 1800 ng/ 
kg LPSp was adminstered to several patients in this study at 
various intervals. The influence of the interval between 
administrations was determined by assaying toxicity and 




ng/kg 
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13 
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20 
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1(H) 


18 


16 


ND 
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Fig. 2a, b Computed, tomography <CT) scan film of the pelvis of 
patient 4 before (a) and after (b) treatment. The patient had a giant 
tumor of ovarian cancer in the pelvis. After treatment the tumor 
decreased 30# in size (b) 



cytokine release in these patients, but no toxicity higher 
than that observed during the earlier 4 months of treatment 
was seen. Serum samples were obtained 2 h after LPSp 
injection on several occasions, and the level of TNFoc was 
determined (Fig. 1). As shown in case 2, consecutive daily 
injections resulted in a remarkable attenuation of the TNFa 
response; however, there was no difference in induction of 
TNFa between injections repeated twice a week and those 
at longer intervals. 



Tumor response 

Five out of ten patients were evaluable for tumor response. 
In one, the dose was raised to no more than 8.0 ng/kg. In 
four out of five patients (cases 2, 4, 6 and 9), tumor 
response could be evaluated after 4 months of treatment 
with 600 ng/kg or 1800 ng/ke. In three of these four, a 
favorable change in the tumor was noted. Minor response 
with significant decrease of tumor markers was seen in two 
patients (cases 4 and 9). one of whom had a giant tumor of 
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Fig. 3a, b CT scan of the liver of patient 6 before (a) and after (b) 
treatment. This patient with ovarian cancer had multiple metastatic 
tumors in the liver (a). After treatment the density of the tumor 
remarkably decreased in CT scan (b). The lysis of these tumors was 
obvious 



ovarian cancer in the pelvis and the tumor decreased 30% in 
size (Fig. 2) after the treatment; the other patient had 
malignant meningioma with extracranial invasion. The 
invasive tumor at the neck decreased in size, which was 
judged to be a minor response. In one patient with ovarian 
cancer with multiple metastatic tumors in the liver (case 6), 
the lysis of these tumors was clearly demonstrated by 
computed tomography scan (Fig. 3). In one patient (case 
2), the tumor remained stable during the 4 months of 
treatment. 



Discussion 

In an earlier mouse experiment, we had found that anti- 
tumor activity of intradermally administered LPSp was 
augmented by repeated injections at shorter intervals and 
combination with cyclophosphamide (2|. As a feasible 
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schedule of clinical application, expecting a more favorable 
therapeutic effect, we selected frequently repeated admin- 
istration of LPSp, i.e. twice a week. In such a schedule of 
repeated injection, however, development of LPS tolerance 
must be taken into consideration. Previous reports have 
shown- that this was greatly influenced by several factors. It 
was enhanced by application of larger amounts of LPS, 
shorter intervals between the injections and a higher content 
of protein in the agent |5, 7|. One earlier report showed that 
during intravenous administration of 4.0 ng/kg LPS to 
humans, monitored by release of TNFoc, tolerance was 
developed with repeated weekly injections, but was less 
with bi-weekly injections |5). Another report showed that 
repeated injections of 30 ng of LPS every 2 days did not 
lead to tolerance to induction of leukocytosis of LPS, but to 
tolerance to pyrogenic properties |7). In our administration 
schedule, using intradermal injection of less than the MTD 
of LPSp, it was difficult to predict to what degree tolerance 
was developed. In this pilot study, the development of 
tolerance was not evaluated in detail. However, we have 
some results that suggest that tolerance of LPSp was not 
greatly developed in this study. To several patients of our 
study, after the 4-month treatment, the LPSp was adminis- 
tered at intervals of more than 2 weeks. However, we 
observed that there was not much increase of toxicity or 
release of cytokines even at these intervals. Further con- 
trolled study is necessary to determine what dosage and 
intervals result in tolerance of LPSp by intradermal admin- 
istration. 

This study demonstrated that, when administered by the 
intradermal route twice a week, 1800 ng/kg LPSp was 
much less toxic than when given intravenously and this 
dose was apparently still below the MTD. By the intrave- 
nous route, the MTD of LPS administered repeatedly at 
weekly intervals was reported to be 8.0 ng/kg, and that of 
first challenge was determined to be 4.0 ng/kg |4|. The 
MTD in this trial is much higher than that for intravenous 
injection. The bacterial origin of LPS used in our study was 
different from that used by Engelhardt et al., which might 
have allowed a higher MTD for the LPSp. The biological 
activities of LPSp were extensively studied in our institute 
using various animal models |8, 13), and compared to those 
of LPS of other bacterial origins. These studies revealed 
that, when given intravenously, there was not much differ- 
ence in toxicities between LPSp and the other LPS of 
higher molecular mass prepared from Escherichia coli. It 
follows that the much higher MTD in our study cannot well 
be explained by the difference in bacterial origin; it might 
instead be due to the route of administration, apart from the 
bacterial origin or administration schedule. 

The cytokines were significantly released after intrader- 
mal administration of 600 ng/kg LPSp. Earlier studies have 
shown that administration of LPS induces release of cyto- 
kines such as TNF and IL-6 |4. 5, 6, 12). Michie et al. 
measured serum TNF levels in 13 healthy volunteers after 
intravenous administration of LPS from £. coli |I2), and 
showed that 4,0 ng/kg elicited about 240 pg/ml TNF at the 
peak level. Engelhardt et al. reported that the peak level of 
TNF in sera was roughly 9000 pg/ml or 1500 pg/ml when 



the MTD or 1.0-2.0 ng/kg LPS respectively was adminis- 
tered (5). In these studies the concentration of these 
cytokines returned to pretreatment levels within only 
3-4 h after injection |4, 5, 12). Our results showed that 
the peak level of cytokines was lower, but was much more 
continuous. The peak level of TNF after 600 ng/kg LPSp 
injection ranged between 200 pg/ml and 2800 pg/ml and a 
significant level of TNF was maintained for 8 h or more. 
These doses of LPSp might induce tumor regression and be 
close to optimal biological doses, judging from the results 
that the peak TNF level that appeared in sera following 
intradermal administration of LPSp was about 5000 pg/ml 
in mice showing complete tumor regression (unpublished 
observations). Intradermally administered LPSp was ab- 
sorbed very slowly and stayed in the dermis at the site of 
injection for more than 48 h [9|. It may thus have a priming 
and triggering effect on dendritic cells and Langerhans cells 
in the dermis, and these activated cells and LPSp may 
continuously enter the bloodstream and reach the local 
tumor site, resulting in the continuous release of TNF |9, 
17], These effects might be the cause of the continuous 
release of the serum cytokines observed in this study. In the 
mouse experiment we evaluated TNF induction following 
intradermal administration of LPSp, and found that TNF 
was continuously induced in the tumor site as well as in 
sera. A significant amount of TNF was still present in the 
tumor site even 24 h after intradermal administration 
(unpublished observation). The patients showed marked 
individual differences of cytokine release in response to 
LPSp. There seemed to be a tendency for a greater amount 
of cytokines to be induced by LPSp in patients with a large 
evaluable tumor. No clear relation was observed between 
the amount of cytokines induced and the tumor response 
obtained, since the number of patients in this study was low. 
In our trial TNF, IL-6 and G-CSF were determined as 
cytokines released in the sera, since they could be measured 
using the serum samples. Other members of the cytokine 
network, such as interferon y § (IFNy) and IL-12. might be 
expected to be induced as well. 

Several previous studies have demonstrated that induc- 
tion of endogenous TNF caused tumor regression even in 
human patients. We developed an anticancer therapy by 
inducing endogenous TNF with administration of interferon 
y and OK432 (a Streptococcus preparation) 1 10]. Although 
still limited, in 1985 (when we reported it) some efficacy 
was seen in cancer patients |I()|. In the present study with 
intradermal administration of LPSp combined with cyclo- 
phosphamide, we obtained tumor responses in three out of 
five patients with less toxic doses. We chose to treat the 
patients with the combination of LPSp and cyclophospha- 
mide rather than LPSp therapy alone since cyclophospha- 
mide was observed in our animal experiments to augment 
the effect of LPSp synergistically [2|. Several other inves- 
tigators have also reported that the antitumor effect of 
endogenous TNF induced by LPS was enhanced by combi- 
nation with cyclophosphamide [ 1. 14]. They showed that its 
ability to enhance the antitumor effect was related to the 
elimination of some of the immunosuppressive mechanisms 
that negatively regulated LPS -induced effects. The five 
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patients had failed to respond to prior chemotherapy, 
suggesting that the tumor response was not due to cyclo- 
phosphamide alone, but to its combination with LPSp and 
CPM. Continuous release of cytokines, but at a lower peak 
level, might be beneficial in achieving an antitumor effect 
with less toxicity. We report here the results .from only 4 
months of treatment; in some patients, the treatment was 
continued, and the evaluation of toxicity and outcome of 
these long-term treatments is now in progress. 

LPS has recently been shown to be a potent stimulator of 
macrophages, releasing not only TNF but also IL-I2 [3J. 
IL-I2 has been noted for its central role in causing cell- 
mediated immunity 111]. TNF was reported to cause acute 
hemorrhagic necrosis of the tumor and to be a co-stimulator 
of IL-I2 by accelerating IFNy production from natural 
killer cells and T cells 120]. Recombinant products of 
TNF, IFNy and IL-12 are now available and clinical 
application of these cytokines has been attempted. It was 
found, however, that the efficacy of TNF or IFNy, when 
administered exogenously as single agents, was limited by 
severe toxicity [15, 19]; the efficacy of IL-12 is not yet 
known as clinical trials are now in progress. Tumor cell 
killing is mediated by the cooperative action of various 
immunological cells and cytokines. From this point of view, 
LPS therapy may be more beneficial for tumor eradication 
in vivo, than a single-cytokine therapy. 

We have found that LPS, when intradermally adminis- 
tered, is less toxic, elicits a tumor response in combination 
with cyclophosphamide and thus can be applied to cancer 
treatment even in humans. Our emphasis here is thus on the 
intradermal route for LPS administration. Further escalation 
of the doses and combined use with other biological 
response modifiers may offer even more hope. 
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